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ABSTRACT.
The thesis is concerned with the assessment of 
optical stability in compounds whose activity is dependent 
upon restriction of rotation within the molecule. The 
introduction contains a review of past work in this field 
and particular reference is made to compounds whose 
activation energies of racémisation have been determined.
In the experimental section, details are given of 
the determination of rate constants of racémisation of six 
substituted N-benzoyldiphenylamine—2-carboxylic acids in 
chloroform containing 2.5/^  by volume of ethanol. The results 
were used to estimate the constants E and A of the Arrhenius 
relationship
S rac - A
and the entropy of activation AS^ for each racémisation.
As a help to the discussion of these results, determinations 
were later made of the racémisation of two of these acids 
in a variety of solvents. Details are also given of the 
racémisation of 6—nitro-, 4 ,6 *--dinitro— and 4 ,6 ,4’'-trinitro- 
diphenic acid together with the estimated E, A and AS^ 
values for the rate constants of racémisation in 2N-sodium 
carbonate solution.
Rate constants for racémisation are discussed in 
terms of the activation energies and of the energy independent
factors. The discussion of the latter is based upon 
both the Absolute Reaction Rate theory of Glasstone,
Laidler and Eyring, and the dynamical treatment of Slater.
The influences on E and A of electrical effects, size 
effects and hydrogen bonding are considered.
The optical stabilities of the three nitrodiphenic 
acids in alkaline solution are discussed and further compared 
with the stability of the dimethyl- esters and of the acids 
in organic solvents.
Details of the synthetic work are given in the last 
section of the thesis.
1.
THE ASSESSMENT OE OPTICAL STABILITY IN COMPOUNDS 
V/HOSE ACTIVITY IS DEPENDENT UPON RESTRICTION OE 
ROTATION WITHIN THE MOLECULE.
Introduction.
The study of optical activity in compounds owing 
their asymmetry to restriction of rotation within the 
molecule arose out of attempts to assign a valid molecular 
structure to certain substituted diphenyls. The resolution 
of b,6’'-dinitrodiphenic acid by Christie and Kenner (J., 1922, 
614) was important evidence in favour of the collinear 
structure for the two phenyl nuclei. This acid is asymmetric 
because each benzenoid ring has only one plane of symmetry 
(the plane of the ring) and the two rings are prevented from 
reaching coplanarity by the blocking effect of the nitro— and 
carboxyl- groups. The blocking effect in this molecule is 
very great so that each optical isomer is stable at ordinary 
temperatures (the authors* original report of its tendency 
to racemise was later found to be incorrect.) An authorita­
tive review of this whole field is given by Turner (Hull 
Symposium 1958, Spec. Publ. Chem. Soc., Butterworths.)
Many other examples of asymmetry dependent upon 
restricted rotation were later discovered. Lesslie and 
Turner in this country and Adams in the United States of 
America, investigated many substituted diphenyls. Lesslie and
T'urner detected optical activity in many compounds with three
2.
or two substituents in the 2, 2^, 6 and 6^, or so-called 
’’blocking” positions and in one compound with only one 
blocking group (Lesslie and Turner, J*, 1933, 1588.)
5+"
I
The study of optical activity dependent upon 
restriction of rotation quickly broadened to include other 
types of molecules.. Examples of this are the peri-substituted 
naphthalene II (ilills and Elliot, J _, 1928, 1291), the 
£-disubstituted benzene III (Mills and Kelham, ibid., 1937,
274) and the substituted N—benzoyldiphenylamine carboxylic 
acid IV (Jamison and Turner, ibid., 1938, 1646.)
II V III IV
m
C O P k
Adams and his school used the size of substituents 
to assess their degree of interference when in the blocking 
positions in diphenyl. The distance between the 2 and 2* 
ring carbon atoms in diphenyl when coplanar was found to 
be 2..90^ by X-ray analysis (Lhar, Indian J P h y s i c s ,  1932, 
7, 43.) Adams et al. modified values given by X-ray data 
of internuclear distances in aliphatic compounds to obtain 
estimates of the distances between the nuclei of the 
aromatic carbon atoms and the centre of atoms or groups
3o
bonded to them. For any given substituted diphenyl, the 
difference between the sum of these distances for each
o
2 -substituent and 2 .9 0A was called the "interference value” 
for this compound. Despite the fact that this treatment 
did not allow for anything other than size, in many cases 
the estimated interferences paralleled surprisingly well the 
relative racémisation rates found experimentally. (see Adams 
and Yuan, Chem. Rev., 1933, 261.)
However, although as has been stated (Jamison, Lesslie 
and Turner, Ann^ Rep. Chem. Soc., 1946, 161) ”the limited 
usefulness of the Adams method remains hardly affected by 
modern data for the diphenyl molecule,” it must also be 
realised that the internuclear distances used in the original
o
calculations are now known to be in error by up to 0.2 — 0.3A 
Adams and his school also studied the effect of 
substituents in positions other than the 2, 2 ’, 6 or 6 ’ 
positions. Shriner, Adams and Marvel (Organic Ghemistry,
Ed. H. Oilman, 2nd Ed., pp. 347 et seq., New York, Y/iley, 
1943) give the following data:
Table I.
Half-life periods in minutes at 25° of substituted 
2-nitro-6-carboxy—2 *'-miethoxy diphenyl.
Substituent NO2 Br Cl CH3 CEoO
Position 3^ 1905 827 711 331 98
4! 115 25 12 2.5 3.6
5" 35 32 31 12 11
The 3*— and 5*— compounds were dissolved in ethyl alcohol 
for racémisation studies; the 4*— compounds in acetone.
4.
Since the parent compound has a half-life period 
of 12 minutes in ethyl alcohol at 25° (Li and Adams, J.
Amer. Chem. Soc., 1935, 21» 1565), substituents in the 
3 ’-position increase the optical stability. Presumably 
this is partly caused by a buttressing effect on the 
2 ^-substituent. No buttressing effect is possible from 
substituents in the 4 ’-position, and it is seen from these 
results that the nitro group has a marked influence on 
the optical stability.
Adams also studied the effect of substituents, in 
positions where their steric effect did not operate, upon 
the optical stability of various aryl amines. For example, 
Adams and Albert (J. Amer. Chem. Soc., 1942, 1475)
found that substitution by chlorine decreased the optical
stability of V
V ^ Z=H, ti.=5.7 hours in boiling
 ^ butanol.
Z=C1, ti=4.1 hours in boiling 
 ^ butanol.
X
Later, Adams and Cordon (J. Amer. Chem, Soc., 1950, 72, 2454) 
found a similar effect in compound VI
VI cHi X=CH3 , ti= 3.1 hours in
 ^ boiling butanol.
X=Br, t1=1 .1  hours in boiling 
 ^ butanol.
With these and other examples in similar compounds they 
found that, in general, optical stability could be related 
to the basicity of the nitrogen atom. Electronegative 
substituents such as the halogens decrease the basicity 
of the nitrogen atom and give more double bond character 
to the bond. This tendency will aid in forcing the
substituents on the amino nitrogen into a coplanar 
configuration with the ring.
The first determination of the activation energy 
of a racémisation process of this type of optical activity 
was made by Kuhn and Albrecht (Annalen, 1927, 455, 272;
4 5 8, 22l) who resolved 4 ,6 ^-dinitrodiphenic acid VTI and 
4,6 ,4^-trinitrodiphenic acid VIII
VTI ^  VIII
no^ c. COj^ H HO^ Co^H
They determined the rate constant for racémisation of the 
active acids in sodium carbonate solution at two different 
temperatures. By expressing the rate constant k in terms 
of the Arrhenius relationship 
k = A e“®/RT
they determined the energy of activation E for each 
racémisation process. (See footnote *)
* In future in this discussion, the non-exponential term 
of the rate constant equation for racémisation will be 
called the A value and the energy of activation for the 
same process, the E value.
6.
The E valued found for VII and VIII were 26 and
22.4 kcal.mole’”^  respectively. Thus it appeared that the 
p-nitro group in VIII was affecting the energy involved 
in the racémisation process.
Li and Adams (loc.cit.) determined the activation 
energy of racémisation of three substituted diphenyls IX.
The relative half-life periods for the racémisation of these 
IX ^  V — /  ^  where R = methyl, ethyl, n-propyl
acids were found to be methyl : ethyl : n-propyl :: 1 : 5 : 7 ,
while the activation energy showed no steady rise but
— 1
appeared to be approximately 20 kcal.mole“ for all three 
compounds* This suggests that modification of the alkoxy 
group is affecting only the non-exponential term.
Kistiakowsky and Smith ( J. Amer. Chem. Soc., 1936,
5 8 , 1043) found the activation energy of racémisation of 
2 ,2 ’-diamino-6 ,6 ’-ditolyl to be 4 5 .1 kcal.mole ^ both in 
solution in diphenyl ether and in the gas phase. Their
10 —1 1 Q —1
calculated A values are 8.3x10 sec. and 2.35x10 sec.
respectively, corresponding to rates 3 .5 times faster in
diphenyl ether solution. They considered that experimental
inaccuracies made it impossible to state definitely whether
the difference was due to a smaller non-exponential term
-1
or to an activation energy some 1 kcal.mole greater in 
the gas phase.
They noted that these A values of the order of 
10^^ sec.~^ are considerably smaller than those usually
7.
1 14- —1
observed in unimolecular reactions (10 -1 0 sec* ) but
that they are of the same order of magnitude as those found
12 —1in the cis-trans isomérisation of stilbene (6 .0x10 sec. )
10 —1
and of methyl cinnamate (3.5x10 sec. ). The value of A
for the isomérisation of stilbene seems much too high to
support their contention. They considered that the
similarity is understandable if the rotation of heavy groups
is responsible for the process in all these cases. In fact
there is a considerable number of cis-trans isomérisations
now known with A factors of 10^^ *^”^sec irrespective of
whether heavy or light groups are involved in the rotations.
Kistiakowsky and Smith also reviewed the Kuhn and
Albrecht and Li and Adams data referred to above and
concluded that these experimental results could be consistent
11
with an almost constant A value of 10 “sec. , if the
published activation energies were altered by a factor
which they considered to be within experimental error.
V/hile it seems quite reasonable that the A values for this
13 -1
type of process should be lower than 10 sec. , that it
should be a constant difference from this average value 
seems an unwarranted generalisation.
Mills and Kelham (loc. cit.) determined the 
Arrhenius constants for the racémisation of the £-disubstituted
benzene III and found the E value to be 22.6 kcal.mole~“
14 —1 1 2 .6 —1
and the A value to be 2.797x10 min. i.e. 10 sec.
s:
In the following year, Jamison and Turner (J., 1938, 
1646) determined the activation energy for the racémisation 
of IV, at that time the most labile compound studied in this
respect. They found an E value of 18.2 kcal.mole"^^ and an
12 - 1  , 10.95 -1,
A value of 5.35x10 min. (10 sec. ) for the racémisa­
tion in ethanol solution.
Adams and Kornblum (J. Amer. Chem. Soc., 1941, 63, 
1 8 8) resolved and racemised two compounds with a very 
interesting type of restricted rotation X. They gave the
-1
23 kcal.mole for both acids. Since the decamethylene
energy of activation in dioxan solution as approximately 
^ ;
X ^  // \  where n = 8 and n = 10
H 0^
compound racemises 1.42 times faster than the octamethylene
compound, this suggests that the difference lies in the
non—exponential term though again the experimental error is
large compared with the small change involved. Calculation
by the present author from their data gives
E = 23.5 kcal.mole"*^ and A = 10^^*'^sec. ^ for the deca-
-1
methylene compound and E = 22.7 kcal.mole and 
11 2 —1
A = 10 * sec. for the octamethylene compound. Therefore
it seems unwise to assign the difference in rate constants 
to E or to A separately, because it would be expected that 
the octamethylene compound would have the higher E value.
9.
Both acids racemise at approximately the same rate 
in sodium hydroxide solution and it is of interest to note 
that this rate is very much faster than that of the acids 
in dioxan. Models (see footnote*) though undoubtedly too 
rigid., suggest that it is impossible for the octamethylene 
compound to racemise except through the cis- position, 
though either the cis- or the trans- transition state may 
be possible for the decamethylene compound. If the racémisa­
tion occurs by means of the cis- position v/ith the two 
charged carboxyl groups close together, the considerably 
smaller rate constants of racémisation in dioxan seem to 
require explanation.
In the same paper, Adams and Kornblum also gave a 
survey of the activation energy values given in the literature, 
which they consider revealed that the experimental E values 
are not critical owing to the large error to which their 
determination is subject. They therefore doubt its value 
as a criterion of the magnitude of the restriction of 
rotation and prefer to use the half-life periods as a 
qualitative guide. Their table of E values certainly 
contains some examples in which the experimental error is 
considerable, but it is not necessarily expected that the 
order of stability given by comparison of the activation 
energy values should be the same as that given by comparison
* The models used are constructed with wooden spheres in the 
ratio of the atomic size given by X—ray data. Eixed bonds 
are used and the valency angles are: trivalent nitrogen 
109i^ or 120^, divalent o x y g e n 110
10.
of the half-life periods, since the latter order varies with 
the temperature at which the comparison is made.
The overall stability of an optical isomer as reflected 
in the half-life period will always be of the utmost importance 
in any work involving practical measurements on an optically 
active compound but, where experimental accuracy is sufficient, 
the separation of the stability into the energy of activation, 
and another factor, which is energy independent, gives a 
means of closer study of the process of racémisation.
Oagle and Eyring (J. Amer. Chem. Soc., 1951, 13, 5628) 
calculated from the published rate constants, the entropies 
of activation for racémisation of the sterically hindered 
compounds investigated up to that time, as an approach to 
a more detailed interpretation of the non-exponential term. 
Their calculations aroused interest in spite of their being 
based on the same data as given by Adams and Kornblum and 
therefore subject to the same criticisms of inaccuracy.
They applied the Absolute Reaction Rate theory to the 
racémisation of these compounds. The rate constant is 
expressed as:
- "E
(cf. Grlasstone, Laidler and Eyring, "The Theory of Rate 
Processes," M^Craw-Hill Book Co., New York; N.Y. 1941)
AH* the heat of activation, is related to the 
experimental energy of activation E by the expression 
E = RT + AH*
11
-Ah V r T _  ^ -E/RT
SO that
H*/R
e =-6 .6
Since they calculated the activation energies by a standard­
ised procedure from the published rate constants, their values 
differ slightly in some cases from those quoted by the 
original workers.
They calculated AS* , the entropy of activation, for 
all the examples quoted and gave the following table:
Table II.
Table of AH* and AS* values taken from Cagle and Eyring
; A rtfCompound Solvent AH'*' AS'
(cal./g.mole) (e.u.)
■^®22N-NaOH*soln. 21,200 -18.5
-4.2b </ T'^®2.2N-NaOH*soln. 25,700
c Vapour phase. 45,600
Reference 
Kuhn & Albrecht
Kuhn & Albrecht
Diphenyl ether 
solution.
Ethai^,
Ethanol
Ethanol
44.100 
19,300
20.100
-11.48) Kistiakowsky
) and Smith 
-11.54)
-9 .19 Di and Adams
-9.38 Li and Adams
20,000 -10.5 Li and Adams
HOa^ c M
g Dioxan 22,100 —9 .24 Adams & Kornblum
Table II (oontdJ
Compound
h
HO
Solvent
Dioxan
V/ater
n—Butanol. 
and methyl 
acetate
22,800 -6.27
22,800 - 1.60
19,300 -26.9
12.
Reference
Adams & 
Kornblum
M i l s  and 
Kelham
Adams and 
Gordon
* Kuhn and Albrecht state "soda losung" which probably should 
be translated as sodium carbonate solution.
They considered unnecessary the requirement that the 
non—exponential term should be constant and in fact noted that 
the entropies of activation (which reflect the non—exponential 
terms) show most interesting behaviour. Dor example, they 
noted the lowering entropy of activation with increase in 
size of the alkoxy group in the diphenyls d, C and already
implicit in the Li and Adams recording of constant activation 
energy with decreasing rate of racémisation.
The values given by them of the energy and entropy of 
activation for racémisation of the compound j , obtained by 
using data given by Adams and Gordon of rates in boiling bvtcinol 
a.nd methyl acetate is suspect since rates of racémisation may
vary considerably with change in the type of solvent even at 
constant temperature. However, their explanation of the very 
low entropy of activation of this compound seems a valid one
13.
and one of interest in connection with other highly complicat­
ed molecules which have been found to have a similarly low 
entropy of activation. They considered that the long 
succinyl chain must so arrange itself as to pass either the 
methyl- or the chloro-group during the rotation and it is 
the unlikelihood of this arrangement which gives the low 
value for the entropy of activation.
A similar idea had been put forward by Jamison and 
Turner (J., 1938, 1646) in connection with the labile optical 
activity in the substituted H—benzoyl diphenylamine 
carboxylic acids and was further developed by Harris, Potter 
and Turner (J., 1955, 145). Scale models which they studied 
showed that racémisation was possible as long as there was 
synchronised movement of the various parts. They noted 
that in the most favourable positions, rotation was unrestric­
ted but that these "favourable rotating positions" must be 
relatively rarely attained.
Rieger and Westheimer (J. Amer. Chem. Soc., 1950, 72, 
,1 9) studied the racémisation of 2 ,2 '-diiodo- and 
2 ,2 * ,3 ,3 ' —tetraiodo-5',5 ’-dicarboxydiphenyl XI and XII
XI </ y ~ \ __7  %ii
I I  f i l l
They found that the buttressing effect of the iodine atoms 
in the 3 ,3 *-positions was such that the diiodoacid would 
racemise about 30 ,00 0 times faster than the tetraiodoacid at 
30^ and about 10,000 times faster at 70^0. They also found
xni
14.
that the effect of the buttressing atoms was to raise 
the activation energy of racémisation from 21 ..6 kcal .mole ^ 
for the diiodo- acid to 28 ..0 kcal.mole”^ for the tetraiodo- 
compound, whilst the entropy of activation v/as only slightly 
lowered (AS"^  -6..14 e*,u.. and -6..75 e.u.. respectively) 
Calculations from their data give the respective A values as 
ca.lO^^*^sec.“^ and
They also made a theoretical estimate of the activa­
tion energy for racémisation of the two compounds using 
the method described by Westheimer and Mayer (d.. Chem.. Phys 
1 9 4 6, 1 4 , 733) and already used by 7/estheimer (ibid., 1947, 
1 5 , 252) to estimate the activation energy of racémisation 
of 2,2*'-dibromo-4,4*'-dicarboxydiphenyl. Using reasonable 
approximations they were able to reproduce the experimental 
results for XI and XII..
Tri-o—thymotide (XIII) was found by Newman and 
Powell (J.., 1952,3747) to resolve spontaneously on formation
of its crystalline adduct 
with n-hexane, benzene or 
chloroform.. Large single 
crystals of the benzene or 
hexane compound could be 
grown and each crystal was 
found to be composed of one 
optical form of the 
thymotide. Racémisation 
occurred quite rapidly at
15.
room temperature when the compounds were dissolve in 
chloroform.
They give an S of 16 kcal.mole ^ but recalculation 
from their data gives the value 2 1 .4 kcal.mole ^ and an 
A value of 10^^'‘^ sec corresponding to a *high^ entropy 
of activation for racémisation AS^ +2.6 e*u. This was 
the first process of this type found to have an A value in 
the range usual for unimolecular decomposition reactions
In 1955 , when the present work was begun, the paper 
of Cagle and Eyring and the calculations of Westheimer et al. 
had aroused a fresh interest in the question of optical 
stability in terms of the energy and entropy of activation. 
Cagle and Eyring's calculations were based upon the very 
limited amount of data available and their discussion seemed 
to merit some more determinations of rates of racémisation 
carried out particularly for the purpose of calculating 
energies of activation» de la Mare (Progress in 
Stereochemistry. Vol. I, Butterworths, London, 1954, p.120) 
suggested that such a treatment as had been attempted by 
Cagle and Eyring should await a considerable extension of 
the existing information.
For the purpose of determining reliable energies of 
activation, particular attention should be paid to keeping 
the conditions of racémisation the same at each temperature 
and to carrying out the racémisation at more than two • 
temperatures over as wide a range as possible » It is
16.
desirable to carry out the determinations in the same
solvent over the temperature range since change in solvent
may affect markedly the rate of racémisation. (See, for
example y the effect of change in solvent on the racémisation
diphenylam ine
of N-benzoyl-6 ,2 ^-dimethy]^2-carboxylic acid, p^ 4*6 a. ).
In the meantime, Arrhenius constants have been 
published for the racémisation of several bridged diphenyls. 
They were found to have, in general, A values considerably 
higher than those obtained for the non-bridged compounds.
The racémisation of 9 ,10-dihydro-3,4-5 ,6-dibenzophenanthrene 
XIV was studied (Hall and Turner, Jl, 1955, 1242 and Hall, 
ibid.., 1956, 3674). It was found to have an activation 
energy of 31 kcal.mole'*^ and an A value of 10^^*^sec.
The rate constants were determined in boiling toluene, 
ethylbenzene, and dioxan. Since the racémisation is of a 
hydrocarbon, and a good Arrhenius plot was obtained, the 
effect of varying the solvent is probably negligible in 
this case.
Armarego and Turner (ibid., 1956, 3668) investigated
the racémisation of the cyclic 2 ,2 *“-dithiolsulphonate XV
in boiling toluene and ethylbenzene. They found the racemisa-
—1tion to have an activation energy of 31 kcal.mole
XIV XV
.30.
17. 
13.2 -1
Calculation from their data gives an A value of 10 sec..
Recently Ahmed and Hall (ihid., 1958, 3043) have given 
further examples of A values of this order of magnitude in 
racémisations of bridged diphenyls. The dinitrodibenzazepin
XVI has an activation energy of racémisation of 30 kcal.mole
11.5 -1
and an A value of 10 sec^ and the difluorodibenzazepin
XVII has an E value of 27.^ 8 kcal^mole and an A value of
,12.7 -110 sec.
-1
CHvXVII XVIII
cw CH
The racémisation of XVIII has also been studied
(Ahmed and Hall, private communication). It racemised very
0
rapidly in acetone at 25 (ti = l,v4 mins.) and was found
to have an E value of about 22 kcal.mole"*^ and an A value
14 ”^ 1of about 10 sec.
Substituted N—benzoyldiphenyIdipheny1amine-2- 
carboxylic acids have proved a very interesting series of 
compounds in work on highly labile optical activity. The 
activation energy of 18 ..2 kcal.mole"^ obtained by Jamison 
and Turner (1938, loc. cit.) was the lowest value obtained 
for the racémisation of an optically labile compound until 
Potter (Thesis, London, 1953) found an E value of 
16..4 kcal.^mole’*^ for the racémisation of the 6-inethyl-2  ^—
18.
chloro-compound
COPk
The relative optical stabilities of a series of 
substituted h-benzoyldiphenylaniine~2--carboxylic acids were 
a s ^ d  (Potter, loc. cit. and Harris, Potter and Turner,
J., 1955, 145) The order of stability of the six more 
optically stable acids was given by comparison of the rate 
constants of racémisation of the active acids at 20  ^ in 
chloroform containing 2 .5?o by volume of ethanol ( "solvent S") 
and the order of stability of the more labile acids was
predicted from a variety of data, notably the mutarotation
rate constants of alkaloidal salts.
The present work was begun by determining the rate 
constants for the racémisation of four of the more labile 
acids, also at 20^ and in solvent X, so that the optical 
stabilities of ten acids of this series could be compared 
on the basis of rate constants of racémisation at one 
temperature.
Calculation from data given by Potter for the 
racémisation of XIX showed that the non—exponential term of 
the rate constant equation had the unusually low value of
n Q
10 sec. , so that the compound ov/ed its detectable 
optical activity largely to the low non-exponential term.
If this compound had the more ^ u s u a l A  value of lO^^sec. ^
19.
it would have a half-life period of about 0 .1  sec. at 
2 0.6^ instead of the observed value of 2 .3 mins.
The first objective of the present work was to 
determine activation energies of racémisation for as many 
as possible of these related compounds in the hope of throw­
ing light on the causes of optical stability. However, the 
complexity of the molecules makes interpretation of the 
experimental results difficult and it was decided to 
continue by investigating some substituted diphenyls where 
the racémisation process is simpler to picture.
Kuhn and Albrecht^s acids, oh which the first 
determinations of Epacemisation for this type of optical 
activity were carried out, (each using rates at only two 
temperatures), seemed eminently worthy of re-investigation, 
for example, because Cagle and Syringe's treatment is much 
too detailed to be applied profitably to these results. 
Specimens of the acids and of 5-nitrodiphenic acid were 
accordingly prepared and resolved and the Arrhenius 
parameters determined.
20»
EXPERII/IENTAL »
OPTICAL WORK AIvTD RESULTS >
«
Substituted ir-A}enzoyLdiphenylaniine-2">carboxyllc acids »
The acids used in the determination of the racémisa­
tion rate constants v/ere obtained in optically active forms 
by means of second-order asymmetric transformations with 
the alkaloids brucine and cinchonidine» In each case a 
nearly quantitative yield (100^) of the acid was obtained 
as a single diastereoisomeric salt »
Decomposition of the salt by grinding with pyridine 
in the cold and filtering into dilute hydrochloric acid and 
ice, was found to give an active acid v/hich was still 
contaminated with alkaloid » However, the following method 
proved to be efficient (cf. Harris, Potter and Turner, 
loc. cit») The salt was dissolved in cold, anhydrous 
formic acid (98-100^) and the solution filtered through 
glass wool into dilute hydrochloric acid and ice » The 
precipitated acid was collected by filtration, washed with 
water and dried in vacuo » One decomposition with formic 
acid was found to be sufficient ; repeating the process 
did not affect the value of the rate constants.
21.
Racémisation procedure.
Polarimetric measurements were made using a 2dm. 
jacketed tube maintained at a constant temperature by a fast 
stream of water circulated from a Braun circotlierm pump from 
a large Dewar flask. The thermostatic part of this 
apparatus could only be used above room temperature. At 
lower temperatures, constancy was attained manually by the 
periodic addition of ice to the reservoir. A standardised 
thermometer was fitted into the stopper of the polarimeter 
tube so that the temperature of the solution could be taken 
throughout each experiment. All polarimetric readings were 
made using mercury green light of wavelength 5461A
The "solvent Z" used is chloroform containing 2.5^ 
by volume of ethanol, and the clock used in the determinations 
of rate of racémisation was checked against B.B.C. time and 
found to be accurate to within 1 part in 2,000.
The active acid was v/eighed out into a graduated 
flask using a concentration of 0.400 unless otherwise stated, 
and the flask kept in the thermostat for a short time to 
reach the desired temperature. At time t = 0, the solvent, 
at the required temperature, was added and the solution 
filtered into the polarimeter tube. The temperature of 
the solution was noted and readings were begun as soon as 
possible and were taken at suitable intervals throughout 
the run until the optical rotation became very small. An
22.
observation was always made on the solution later (usually 
the.next day) to check that the rotation of the solution 
had reached zero (i.e. that the acid had not been contaminated 
with alkaloidal salt).
The logarithm of the angle of rotation was then plotted 
against the time and the slope of the straight line obtained 
used to calculate the rate constant k according to the 
first order expression
k = 2.303 [A (logioa)/At 
(The racémisations studied in this work were always found 
to be first order processes) .
The rate constants at each temperature were found 
to be easily reproducible for the slower rates with half- 
life periods greater than two minutes. For the very fast 
racémisations, three or more determinations v/ere usually 
made at each temperature and the average value taken.
The rate constants of racémisation for each acid 
were determined over as large a range of temperatures as 
could conveniently be obtained and the logarithm of the rate 
constant plotted against the reciprocal of the absolute 
temperature. G-ood straight lines were obtained in all cases. 
The slope of the line was found graphically and also using 
the method of least squares, giving equal weight to the 
average result at each temperature. The slope was used to 
calculate the constants of the Arrhenius equation 
k . A
23,
The activation energies obtained by the two methods were
-1found to agree to within 0*2 kcal.mole.
The entropy of activation AS was calculated using 
the G-lasstone, Laidler and Eyring equation: —
Rate constant = e feT e ^-E/RT
i.e. taking the transmission coefficient as 1.
24/
N-BenzoyI~6--aethyldiphenylamine-2-car'boxylic acid^
C O P k
Optical activation.
This acid underv/ent second—order asymnetric trans­
formation with brucineo. Acid (6,62 1 mol.) and
anhydrous brucine (7.88 g., 1 mol.) were dissolved in 
separate 100 c.c. portions of hot acetone. The solutions
were filtered, united and concentrated to half bulk. An
0
approximately equal volume of petroleum ether (40-60 ) was 
then added and the solution allowed to stand in a warm place. 
Rapid crystallisation gave the (-)-acid salt.. Decomposition 
with cold, anhydrous formic acid gave the (—)—acid; it 
softened a little above 100^ and melted at l95-19é>^ ( m.p. 
of racemate).
25.
Determination of rate constants for racémisation in Solvent X,
Temp. Time of first 
reading after 
wetting.
First
Reading
N o . of 
readings
10^ k 
(sec .
0 .6° 2 .7 8 min. -1.94o 47 1.62
6.9 3 .1 0 -1.442 23 3.27
6.9 3.25 -1 .3 3 7 25 3.27
13.8 2.09 -1.13g 19 6.60
20 .0 1 .8 0 -0 .90^ 14 12.0 )
20.0 2.0T -0,52 9 12.0 )
20.0 2.30 -0.73 10 12.0 )
20.0 2 .66 -0.44 11 12.0 )
20.0 2.19 -0.77 13 12.0 )
10 mean k
, -1,"’ (sec. )
3.27
12.0
0
The racémisation was also studied in chloroform* at
9.9 using 0.2648 g. in 20 c.c. chloroform, for comparison
with the 6,4 *'-dimethyl~acid. The rate constant was found
-1
to he 0.00245 sec. (Graph p.^Oa.)
* Chloroform used was B.P. chloroform washed by shaking 
four times with half its volume of water, dried over 
CaOl and then Na^SO .
2  ^ 4
-a
to
o
(M
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Determination of the Arrhenius constants A and E and the 
entropy of activation AS^
T
293.15
286.95
280.05
273.75
loVi
3.4112
3.4849
3.5708
3.6530
2
10 k
1.20
0.660
0.327
0.162
3+ log^^ k
1.0792
0.8195
0.5145
0.2095
Best straight line taken graphically (see p . 4 6 L) gives:
-1
E =z 16.4 kcal.mole
10.3 -1 
A = 10 sec
AS*= -13.3 ,e.u.
Best straight line by a "least squares" method:
Let 10V l  = X and 3 + log^^k = y
X
3.4112
3.4849
3.5708
3.6530
x=-
y
1.0792
0.8195
0.5145
0.2095
ÿ=0'.F5?7
(x-x)
- 0.1188 
-0.0451 
+0.0408 
+0.1243
(y-f)
+0.4235
+0.1638
- 0.1412
- 0.4462
(x-x) (x-x)(y-y)
0.01411
0.00203
0.00166
0.01545
-0.05031 
-0.00739 
-0.00576 
-0.05546
3 + log, =z 0.6557 4- -0.11892 
10-
3
(10" - 3.5300)
,. E -
A =- 
AS^  =-
16.36 kcal.mole
10.28 -1 
10 sec.
-13.4 e.u.
-1
27.
I\r-Benzoyl-2 ^ -fluoro-6~methyldiphenylajiiine~2-<îar'boxylic acid.
COPk
Optical activation.
Brucine, 4H2O (4.66g., 1 mol.) and the above acid 
(3.49 g.; 1 mol.) were dissolved in separate 100 c.c. 
portions of hot acetone. The solutions were filtered and 
united. The combined solutions were concentrated to 50 c.c. 
and kept warm while crystallisation occurred to give the 
(-)-acid salt.
Decomposition with cold anhydrous formic acid gave 
the (-)-acid which softened above 100^ and then melted at 
190-2° (m.p. of racemate).
Determination of rate constants for racémisation in Solvent X.
Temp. Time of first First No. of 10^ k
2
10 mean k
reading after 
wetting
reading readings
(sec»~^) (sec. )^
5.9° 3 .3 0 min.
0
-2 .59^ 83 0 .109)
0.109
5.9 2.87 -2.40^ 56 0 .1 09)
20.0 3.38 -1.90g 31 0.357)
0 .357!
0.357
20.0 3.30 —1 »48g 29
27.4 2.35 -1.51^
5
23 0.665)
0 .663c
27.4 2.52 -1..06 16 0.662) 0
27a.
00
O Ol.
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Determination of the Arrhenius constants A and E and the 
Entropy of Activation AS^
T
300.55
293.15
280.05
i o V t
3.3272
3.4112
3.5708
lO^k
0.663
0.357
0.109
3+logiok
0.8215
0.5527
0.0374
Best straight line taken graphically (see p.4^t>) gives:
—1
E = 14.9 kcal.mole 
8.6 -1
A = 10 sec.
AS'^ zz -20.9 e.u.
Best straight line by a "least squares" method:
let loVï = X and 3 * Log^ !^ç=- y
X y
3.3272 0.8215
3.4112 0.5527
3.5708 0.0374
x= J Z U U  ÿ=Ô7î7Ü5"
(x-x)
- 0.1092 
- 0.0252
+0.1344
(y-f)
+0.3510
+0.0822
-0.4331
(x-x)
0.01192
0.00064
0.01806
3 + log^Qk = 0.4705 + -0.09861 (M^ - 3.4364)
■DTÜ3Ü5T T
(x-x)(y-ÿ) 
-0.03833 
-0.00207 
- 0.05821 
- 0.09861
E =: 
A = 
AS*=-
14.73 kcal.mole
_ 8.54 -1
10 sec.
-21.4 e.u.
-1
29.
N—Benzoyl-2 *'-chIoro-6 ,4 * -<iiniethyldiphenylamine-2-carlDoxylic
acidl'
COPk
Optical activation*
Brucine, 4H^0 (1.165 g^, 1 mol.) and the racemic acid 
(0*9725 g., 1 mol*) were dissolved in separate 50 c.c. 
volumes of absolute ethanol* The solutions were filtered, 
united and concentrated to about 30 c.c. Ether (about 
100 c.c.) was added to initiate crystallisation. The 
(-)-acid salt was obtained and was decomposed with cold 
anhydrous formic acid to give the (-)-acid m.p * 209-210°.
Determination of rate constants for racémisation in Solvent X,
Temp * Time of first 
reading after 
wetting
Eirst
reading
No. of 
readings
p
10“ k 
(sec. )^
0*7° 2*29 min* 80 0.0410
10*2 2*56 -2*91^
5
80 0*108
20.0 2*05 -3.06_
5
40 0*277
29.8 2*30 -1*62.^ 22 0*654
CM
M
(M
S-
fx
00
04
04
30.
Determination of the Arrhenius constants A and E and the 
Entropy of Activation AS^
T i oV t 10 4 + loSioi
302.95 3.3009 0.654 1.8156
293.15 3.4112 0.277 1.4425
283.35 3.5292 0.108 1.0334
273.85 3.6516 0.0410 0.6128
Best straight line taken graphically (see p.46t) gives:
E =: 15^7 kcal .mole
9.1 -1
A = 10 sec.
AS^= -18.6 e.u.
-1
Best straight line by a”least squares” method: 
Let loVî = X and 4 + log^Q Ic = y
X
3.3009
3.4112
3.5292
3.6516
y
1.8156
1.4425
1.0334
0.6128
(x-x)
-0.1723
- 0.0620
-feO.0560
+0.1784
^=-3.4732 ÿ=1.226I
(y-y)
+0.5895
+0,2164
-0.1927
-0.6133
(x-x)
0.02969
0.00384
0.00314
0.03183
(x-x)(y-y)
-0.10157
- 0.01342
-0.01079
-0.10941
4 + log^g t = 1.2261 + -0.23519 (10 - 3.4732)
•V E = 15*70 kcal.mole 
A = 10^'^^ sec.."^ 
AS^ = -18.6 e.u.
0.06850 
-1
31.
N—Benzoyl 4-,6~dibromodip]ienylaDiine-2~car'boxyIlc acid.
Optical activation,
CKinchoni^ne (2.94 g*, 1 mol,.) in suspension in hot 
acetone (50 c.c.) was added to a solution of the dibromo- 
acid (4..75 g., 1 mol.) in acetone (50 c .c,) A further 
50 c.c, of acetone was added and on warming the solid 
dissolved. The solution was filtered and concentrated to 
30 c.c. Ether (50 c.c.) was then added and the solution 
kept warm while crystallisation took place, giving the 
(A-)-acid salt.
The salt was decomposed v/ith cold anhydrous formic 
acid and gave the (+)Qacid m.p. 189-190 .
32.
Determination of rate constants for racémisation in Solvent Z
2
3 mean 1 
-1.
Temp. Time of first 
reading after 
wetting
first
reading
No. of 
readings
2
10 k
/ —1 \ (sec. )
0.6° 2.55 min. +1.00° 56 0.0817
1.0 2.97 +0.90g 35 0.0858
10.8 2.84 +0.53^ 16 0.288
20.0 2.14 +0.35^ 10 0.833
20.0 2.08 +0.42^ 12 0.850
20.0 2.35 +0.26^ ' 9 0.833
20.0 3.10 +0 *31g 12 0.817
0.833

33
Determination of the Arrhenius constants A and E and the
Entropy of Activation AS*
T 10 V t 10^ k 4 + log.
293.15 3.4112 0.833 1.9206
283.95 3.5217 0.288 1.4594
274.15 3.6476 0.0858 0.9335
273.75 3.6530 0.0817 0.9122
10
k
Best straight line taken graphically (see p.4él>) gives:
—1
E =19*3 kcal.mole
,_12.2 -1 
A = 10 sec ^
AS^= —4.1 e »u.
Best straight line by a "least squares" method:
let IoV t = X and 4 + log^Q k = y
X y (x-5E) Cy-ÿ)
/ -x2(x-x) (x-x)Cy-y)
3.4112 1.9206 
3.5217 1.4594 
3.6476 0.9335 
3.6530 0.9122
-0.1472
-0.0367
0.0892
0.0946
0.6142
0.1530
-0.3727
-0.3942
0.02167
0.00135
0.00796
0.00895
-0.09041
-0.00562
-0.03326
-0.03729
x=3T538T ÿ=1.3064 0.03993 ■-OTTS'bSB'"
4 + log^Q k = 1.3064 H- -0.16658 
0.03993 <1?^ - 3
.5584)
. E = 19*10 kcal.mole
, 12.15 -1
A = 10 sec..
AS^= —4 *8 e.u.
-1
34.
N—Benzoyl-2'-t>romo-6-methyIdiphenylamine-2-oarboxylic acid.
 ^u
Optical activation
Brucine, 4-H2O (2*34 g*, 1 mol.) and the above acid 
(2.06 g., 1 mol.) were dissolved in separate 50 c.c. portions 
of hot ethanol. The solutions were filtered, and crystal­
lisation occurred rapidly from the hot solution giving the 
(-)-acid salt. The salt was decomposed with cold anhydrous 
formic acid and the (-)-acid was obtained m.p. 199°.
Racémisation of the active acid was followed 
polarimetrieally in Solvent X and in benzene.
Determination of rate constants for racémisation in Solvent X..
Temp * Time of first 
reading after 
wetting
First
reading
No. of
readings
lO^k
0 .6° 3.38 min. -2 .75° 60 0.0274
*10.8 2*05 -1.82^ 42 0.0795
20.0 2*78 -2.242 38 0.198
31.8 2.80 -1.352 18 0.562
32.0 3.00 -l.,02g 15 0.601
* All ordinates in graph p. 34a are increased by 0*1 for 
purposes of clarity.
34a
S -  z
O-
l<n
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Determination of the Arrhenius constants A and E and the 
Entropy of Activation AS^
T 10^/T
2
10 k 4 + log.
305.15 3.2771 0.601 1.7789
304.95 3.2792 0.562 1.7497
293.15 3.4112 0.198 1.2967
283.95 3.5217 0.0795 0.9004
273.75 3.6530 0.0274 0.4378
10 -
Best straight line taken graphically (see p *461) gives:
E = 16.4- kcal *mole
A
-1
,^9.5 -1
= 10 sec *
AS = —16*9 e.u*
Best straight line by 
Let Io V t =
a "least squares" method: 
X and 4 +log, _ k = y
X
3.2771
3.2792
3.4112
3.5217
3.6530
y ^
1.7789
1.7497
1.2967
0.9004
0.4378
x=3'.T284" y=lT2T2T
(x-x)
-0.1513
-0.1492
-0.0172
+0.0933
+0.2246
(y-ÿ)
+0.5462
+0.5170
+0,0640
-0.3323
-0.7949
(x-x)
0.02289
0.02226
0.00030
0.00870
0.05045
0.10460
(x-x)(y-y) 
-0.08264 
-0.07714 
-0 .00110 
- 0.03100 
-0.17853 
-73'.37’0TI
4 + log^^ k 1.2327 + -0.37041 (10^ - 3.4284)
E = 16.20 kcal.mole
9.37 -1
A = 10 sec.
-1
AS"- = -17.6 e.u. .
36,
Determination of rate constants for racémisation in benzene.
Temp. Time of first 
reading after 
wetting
first
reading
No. of 
readings
10  ^k
/ —1 (sec.
6.6° 3.70 min.
0
—1 *.28 2 31 0.1087
14.25 4.50 - 0.89o 25 0.256
16.0 4.32 -0.428 17 0.294
19.3 2.15 -I.3O5 25 0.3771
23.05 2.10 - 0 .81q 18 0.5636
CM_£»
O
U1
OJ
/°o
00 o
n
&liJ
N
LU
O _
CM
in
z-u
00
LÜ
(N
(MCM
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Determination of the Arrhenius constants A and E and the
Entropy of Activation ASa
T 10 V t 10^ k 3 + lo
279.75 3.5746 0.1087 0.0362
287.40 3.4795 0.256 0.4082
289.15 3.4584 0.294 0.4713
292.45 3.4194 0.3771 0.5765
296.20 3.3761 0.5636 0.7510
SlO ^
Best straight line taken graphically (see p . ) gives :
E = 16.5 kcal.mole-1
AS
A -1= 10 sec.
= -15#0 e.u.
Best straight line by a "least squares" method:
Let l o V ï  = X and 3 + log^^k = y.
p
X y (x-x) (y-y) ( X - 5 E ) ' ' (x-x)(y-y)
3.5746 0.0362 0.4124 -0.1130 0.17007 —0.04660
3.4795 0.4082 0.0404 -0.0179 0.00163 -0.00072
3.4584 0.4713 -0.0227, 0.0032 0.00052 -0.00007
3.4194 0.5765 -0.1279 0.0422 0.01636 -0.00540
3.3761
3=3.4616
0.7510
f=0.4486
-0.3024 0.0855 0.09145
0.28003
-0.02585
-DTÜ7ÏÏÏÏ5
3 + log,^ k = 0.4486 +-0.07865 (10^ - 3.4616) 
10 - -ÜT58ÜÜI “T
E = 16,3.0 kcalunole
9.77 -1
A = 10 sec.
ÛS* = -15.7 e.u.
- 1
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ARRHENIUS PLOTS FOR RACEMISATION OF i\T-BEN ZO YL- 
2 -  BROMO- 6 -  METHYLDIPHENYLAMI NE -  2 -  CA RBOX YLIC ACfD.
-2 2
SOLVENT USED:
1. BENZENE.
2. SOLVENT X .
-2 6
-26
-30
- 3-2
- 3-4
35 3 63 4
38
F—Benzoyl—6,2 ^ -dimethyldiphenylamine-2-carboxylic acid .
CK
CH
CO PU
Optical activation.
The racemic acid (8.48 g., 1 mol.) and brucine,
4H2O (10 .09 g.y 1 mol.) were dissolved in separate 200 c.c.
portions of hot acetone. The solutions were filtered,
united and placed on a hot water bath. After a very few
moments, crystallisation started and continued rapidly,
giving the (-)-acid salt.
This salt was decomposed with anhydrous formic acid
and the (-)-acid obtained melted at 120-130^ (varying with
the rate of heating) but crystallised again and then melted 
0
at 184-6 , the melting point of the racemate.
Racémisation of the active acid was followed 
polarimetrieally in washed chloroform. Solvent X, absolute 
ethanol and benzene.
39.
Determination of the rate constants for racémisation in Solvent X
Temp
0.8
0.8
o
Time of first 
reading after 
wetting
1.60 min.
4.2
First
reading
—1 .86q 
-1.70
0
No. of
readings
50
60
10^ k
- 1 ,
0.1194
10 mean k 
-1
(sec. ) (sec. ) 
0.1194
0.1194
17.8
20.0
20.0
20.0
20.0
1.60
2.00
1.85
2.19
1.82
- 1.10
-0.69,
- 0.80
-0.80^
-1.01,
0 20
11
13
10
10
0.7949
1.02 
1.00 
1.00 
1.02
1.01
Determination of the Arrhenius constants A and E and the
Entropy of Activation AS
T
293.15
290.95
273.95
10^/T
3.4112
3.4370
3.6503.
10^ k
1.01
0.7949
0.1194
3 + log k 
10 -
1.0043
0.9003
0.0770
Best straight line taken graphically (see p .46 k) gives:
E = 17.7 kcal.mole~^
11.2 -1 
A = 10 sec.
AS = —9.1 e.u.
XZ— U
fM
70 ‘
40.
Best straight line by a "least squares" method with 
calculation of error.
P px
Let 10V f  = X, 3+log k =r y, and y (calculated) = y^
8 .
py px' pxy y'-y 10 (y'~y)
1 3.4112 1.0043 11.6363 3.4259 1.0006 -0.0037 1369
1 3.4370 0.9003 11.8130 3.0943 0.9009 0.0006 36
3.6503 0.0770 13.3247 0.2811 0.0765 -0.0005 251      ______
3 10.4985 1.9816 36.7740 6.8013 1430
3 + log^Q A = 1.9816 X 36.7740 - 10.4985 x 6.8013
36.7740x3 - 10.49852
= 72.8714 - 71.4034 = 14.184
iro'.T2'2'o--- irO'.21B-5'
.. A = iQll'184
- E _ 6.8013 X 3 - 1.9816 % 10.4985 ^ -3.86474
ElogglO 36.7740 X 3 - 10.4985^
.. E = 17.68 kcal.mole~^
Error. r  =
¥t. of 3+log]_Q A = 0.1035
36.774
0.00378
0.002815 = 0.00378 
ib.002815
0.071
Wt. of E
E logglO
0.1035 = 0.0345 h, = 0.00378
— 3-----  ^  J O .0345
=  0.020
.*■. E = 17.68 2 0.10 kcal.mole 
A = lO^^-lS " seo.-^
-1
AS = —9.3 e.u.
41.
Determination of rate constants for racémisation in ethanol.
Temp. Time of first First 140. of 10 k
reading after 
wetting
reading readings
(sec.-l)
0 .8° 4.70 min.
0
-0.72 23 0.1422
16.8 2.27 -0.46^ 13 0.853
20.4 2.40 —0 .28g 8 1 .232
Determination of the Arrhenius constants A and E and the 
Entropy of Activation AS*
T Io V t 10^ k 3 + log k
10 -
293.55 3.4066 1.232 I.O9O6
289.95 3.4489 0.853 0.9309
273.95 3.6503 0.1422 0.1529
Best straight line taken graphically (see p.4é>a) gives:
E = 1 7 .7 kcal.mole~^
11 1 -1 
A = 10^^»^ sec.
AS* = —8.7 e.u.
Best straight line by a "least squares" method with 
calculation of error.
Let l o V f  = X, 3+-log^Q k =. r and y(calculated) = y
p px py px^ pxy y' lo%r^-y) lO^(y'-y)^
1 3.4066 1.0906 11.6049 3.7152 1.092 14 196
1 3.4489 0.9309 11.8949 3.2106 O .929 -19 361
1 3.6503 0.1529 13.3247 0.5581 0.153 1
3 1 0 . 5 0 5 8  2.1744 36.8245 7.4839 558
41a.
-B
6I
4
r«
g
z
TflP'son
Ô
I
o
T I
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3 + log^g A = 2.1744 X 36.8245 - 10.5058 x 7.4839
36.8245 X 3 - 10.5058
= 1 .4468 
0.1017
=  14.226
A = 10^^'^^ seo."^
-E = 7.4839 X 3 - 2 .1744 x 10.5058
R logg 10 36.8245 x 3 - 10.5058
= -3.8555 
.'. E = 17.64 kcal.mole"*^
Error. yw = Jo.00000558 = 0.00236
Wt. of 3+lognn A = 0.1017 = 0.00276
••/'i ~ 0*00236 = 0*045
Jb.00276
Wt. of E = 0.1017 = 0.0339
E loge 10 3
/*: =  0.00236 =  0.0128 
Jb.0339
E = 17.64 - 0.06 kcal.mole"^
11.23 ± 0.05 -1
A = 10 sec.
AS* = -9.1 e.u.
43.
Determination of rate constants for racémisation in chloroform.
3 ~i
Temp. Time of first First No. of 10 k (sec. ) 
reading after reading readings 
wetting
0.8® 2.48 min. -1.33° 50 0.9442
9.7 2.95 
(0=1.38)
-4.57 42 2.630
16.9 1.60 -0.93 22 5.904
19.9 1.65 -0.77 16 7.814
Determination of the Arrhenius constants 
Entropy of Activation AS*.
A and E and the
T 10 /T 10^ k 4 + log^Q k
293.05 3.4124 7.814 1.8929
290.05 3.4477 5.904 1.77115
282.85 3.5354 2.630 1.4200
273.95. 3.6503 0.9442 0.97506
Best straight line
E
A
taken graphically (see
= 17.7 kcal.mole"^
11.1 -1 
= 10 sec.
p.4éa) gives:
A3 = —9.6 e.u.
Best straight line hy a "least squares" method with 
calculation of error.
Let l o V f  = X, 4 + log^Q k = y and y(calculated) =- y*'
P px py px2 pxy y" (oV t^-yl 10® (y
1. ' 3.4124 1.8929 11.6445 6.4593 1.8988 59 3481
1 3.4477 1.7711 11.8866 6.1064 1.7620 88 7744
1 3.5354 1.4200 12.4991 5.0203 1.4220 20 400
1 3.6503 0.9751 13.3247 3.5593 0.9766 15 225
4 14.0458 6.0591 49.3549 21.1453 11850
43
7.1 NO ON aOd 31 VOS
u.
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’ , 44.
4 f login A = 6.0591 % 49.3549 - 14»0458'x 2i7l453
49.3549 X 4 - 14.0458^
= 2.0436 
ÜTTT5T
= 15.1256
11.13 -1
..A =■ 10 sec.
-E =r 21.1453 X 4 - 6.0591 x 14.0458
R loge 10 49.3549 x 4 - 14.0458^
= -3.8764
— 1
. E = 17.74 kcal.mole"
Error. = J ~0.0001185 = /o.00005925 =0.0077
Wt. of 4 + logT^ A = 0.1351 = 0.002737
■4'9".357ïï
.'. = 0.0077^^^ = 0.147
Wt. of E 0.1351 = 0.03378
R loge 1^ '" . ---C
.'. r, = 0.0077 = 0.042
^ J-0T033W
E = 17.73 i 0.19 kcal.mole
11.13 ± 0.15 -1
A = 10 sec,
68* = —9 . 5  e.u.
45.
Determination of rate constants for racémisation in benzene
Temp . Time of first 
reading after 
wetting
First
reading
No. of 
readings
10  ^k
I -1 (sec .
6.250 2.64 min. -0 ,58° 21 3.411
9.85 6.40 -0.165 7 5.355
13.95 2.12 -0.458 10 8.252
20.4 0.80 -0.42o 8 17.29
Determination of the Arrhenius Constants A and E and the 
Entropy of Activation AS^
T 10 V t 103 k 3+logio k
279.4 3.5791 3.411 0.5329
283.0 3.5336 5.355 0.7288
287.1 3.4831 ,8.252 0.9166
293.55 3.4066 17.29 1.2378
Best straight line taken graphically (see p.4éa) gives:
-1
E = 18.6 kcal.mole
,^12.1 -1 
A = 10 sec.
AS ^ = —'5 .1 G.u .
Best straight line by a "least squares" method involving 
calculation of error.
Let 10V t = X, 3+log^Q k =: y and y (calculated) = y*~
P px py
2px^ pxy y*' ly'-yl 10^(yf-yf
1 3.5791 0.5329 12.8100 1.9073 0.5360 0.0031 961
1 3.5336 0.7288 12.4863 2.5753 0.7205 0.0083 6889 ;
1 3.4831 0.9166 12.1320 3.1926 0.9253 0.0087 7569 !
1 3.4066 1.2378 11.6049 4.2167 1.2355 0.0023 529
4 14.0024 3.4161 49.0332 11.8919 15948 i
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3 + log^o A = 3.4161 X 49.0332 - 14.0024 x 11.8919
49.0332 X 4 - 14.00242
= 0.9872
0.0656
= 15.0488
A = i^Ql2.0488
- E  =- 11.8919 X 4 - 3.4161 x 14.0024
2----R loge 10 49.0332 x 4 - 14.0024
= -4.0549 
• E =- 18 .,60 koal.mole ^
Error> =- 0.000^5948 = 0.00893
Y/t. of 4 + ^^^10 ^ ~ 0.0656 =- 0.001338
.% = 0.00893 = 0.244
^  rOVODTBF
Wt. of  E  = 0.0656 = 0.0164
R loge ?
.. yW-. =■ 0.00893 = 0.0697
/ /o'rorsT"
, —1
E = 18.60 _ 0.32 kcal.mole
12.0510.24 -1
A = 10 sec.
AS^ = -5.1 e.u.
46&
ARRHENIUS PLOTS FOR RACEMISATION OF yV-BENZOYL- 
6 :6 -DIMETHYLDIPHENYLAMINE-2-CARBOXYLIC ACID IN 
VARIOUS SOLVENTS.
-18
1 . u
UJcO
jC-20
-2 2
-24
-2 6
-2^  -
-3 0
SOLVENT USED;
1. ETHANOL.
2. SOLVENT X .
3. CHLOROFORM
4. BENZENE.
3*4 Ts" 36 3*7
4é<> I
ARRHENIUS PLOTS FOR RAŒMfSATON OF SUBSTITUTED 
A^-BENZOYLDIPHENYL^MINE-2-CARBOXVI-IC a c id s  IN
SOLVENT X .
- 2 2
-2 6
-3 0
-3 2
3 4
35 3 633
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Key to the Arrhenius Plots of the N-Senzoyldiphenylamine-2-
carhoxylic acids in Solvent ]w
(D
(2>
Br
OPk
©
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48
N-Senzoyl-4,6 ,4/-trihromodiphenylamine—2-carhoxylic acid.
ai
GM.inchonj^e (2*94 g., 1 mol,) in fine suspension in 
acetone (85 c.c.) was added to a solution of the tribromo-acid 
(5*53 g. , 1 mol..) in acetone (85 c ..c..) On warming, a clear 
solution was obtained and was quickly filtered. On standing 
the solution in a warm place, the (+)-acid salt rapidly 
crystallised out. The salt was decomposed with cold anhydrous 
formic acid and gave the (+)-acid m.p. 210^.
The active acid racemised in Solvent Z (c ~ 0.400) at
0 -1 
20 with a rate constant of k - 0^44 min (this being the
mean of three values obtained from different experiments:
—1 —1 —1
k = 0.44 min. , k = 0.45 min. and k = 0.43 min. )
[a previous determination of the rate constant of racémisation
in dry AnalaR. Chloroform (Jamison and Turner, J., 1938,
12.80 -1^
1646) gave k - 0.37 min. j
The rotation of the solution was small, making it 
difficult to obtain accurate values of such a fast racémisa­
tion. The slight solubility of the acid prevented a higher 
concentration being used. For these reasons, the estimation 
of the activation energy was not attempted.
49.
N-Benzoyl-6 ,4*'-‘dimethyldiphenylamine—2-carboxylic acid.
An equimolecular mixtures of the acid and quinidine 
in washed chloroform showed a small mutarotation and addition 
of more acid caused considerable mutarotation to a new 
position of equilibrium.
A second order transformation was attempted using 
quinidine, but crystallisation could not be induced from 
any solvent or mixture of solvents. Also, no crystalline 
salt of brucine or cinchonine could be obtained. It was 
found, however, that the cinchonidine salt showed considerable 
mutarotation in solvent Z suggesting that decomposition of 
an equilibrated solution would give a reasonably active 
solution of the acid.
The racemic acid (0.345 g., 1 mol.) and cinchonidine 
(0.294 g. , 1 mol.) were diss-dlved in washed chloroform (25 c.c.) 
The solution was allowed to stand for several hours to 
equilibrate and then the salt was decomposed rapidly by 
washing with concentrated hydrochloric acid and ice and then 
with ice-cold water. The resulting chloroform solution was 
dried over anhydrous sodium sulphate and filtered into the 
polarimeter tube cooled to 10^.
Readings were begun in under three minutes from the
time of washing with the hydrochloric acid and the initial 
reading of 1.61^ changed to zero with rate constant 
k = 0.00264 sec.“^ (at 9.9°). (See p. 50a..)
50.
In a second determination, the washing with hydrochloric 
acid was repeated, .but this was found to be unnecessary since 
an identical value was obtained for the rate constant of 
racémisation•
This may -be compared with the rate constant (k=0.00245 
s e c f o r  the 6-methyl-acid in the same solvent and at the 
same concentration at this temperature.
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PART II: NITROPIPHENIO ACIDS.
Racémisation of the optically active nitrodiplienic acids
in alkaline solution..
Por each observation of rate, 0.1000 g, of optically 
active acid was dissolved in 2R—sodium carbonate solution 
and the volume made up to 20 c.c. The solution was heated 
rapidly to the required temperature before it was filtered 
into the polarimeter tube which was maintained at a constant 
temperature by a fast stream of liquid from a thermostatically 
controlled bath. The temperature recorded was that of the 
solution in the tube as recorded on a standard thermometer 
fitted into the neck of the tube throughout the experiment. 
Polarimetric readings were taken as soon as the temperature 
became constant.
The data were analysed as before to obtain the 
Arrhenius parameters. A more detailed least squares procedure 
was applied.
52;
Resolution of 4,6 *‘-dinitrodiphenic acid_
Kuhn and Alhrecht, Annalen, 1927, 455, 272 
Christie, Holderness and Kenner, J^, 1926, 671.
NO.
4 i6^-Dinitrodiphenic acid (6.6 g., 1 mol.) was dissolved 
in hot absolute ethanol (160 c.c.) and anhydrous quinine 
(13.0 g., 2 mol.) was also dissolved in hot absolute ethanol 
(120 C . C . ) .  "The solutions were filtered and united. On 
cooling, 10.4 g. of quinine normal salt crystallised out in 
irregular prisms. Evaporation of the mother liquor to dryness 
gave an oil which soon solidifed.
Yield of the more soluble salt 10.5 g.
Less soluble salt.
+ 166.6^ )
)■ in washed chlorofonn (c. = 1.476)
[a]579i + 137.6° )
More soluble salt.
-130.3° )
) in washed chloroform (c. = 1.500)
[°"]5791 )
The less soluble quinine salt (6 g.) was decomposed
by suspending it in concentrated hydrochloric acid (150 c.c.) 
and extracting with ether. The ethereal layer was washed with 
water and extracted with 10^ sodium hydroxide solution. 
Acidification of the aqueous solution with dilute hydrochloric 
acid gave the active dinitrodiphenic acid m.p. 298-299°.
*.7 g.
^°'^546l -244°
[a.jjygi -201°
^“•^5461 +-30°
[a]579i +24*5°
53.
in 2N—Na2C0  ^ solution (c . =: 0.500)
in absolute ethanol (c. = 0.500)
Decomposition of the more soluble salt (3 g.) gave active acid 
(0.8 g.) m.p. 297-299°.
[a.] , +229° )
) in 2N-NagC0^ solution (c. 0.500)
+191° ) 2 3
Determination of rate constants for racémisation in 2N-sodium
carbonate solution.
Temp. Eirst
reading
lio. of readings after 
averages taken
lO^k (sec. ^
57.5° -2 .04"* ' 10 0.1413
70.4 -1.59 19 0.5140 _
74.4 -1.59^ . 17 0.7690
83.4 -1.23 27 1.688
91.0 -0 .94 11 3.422
Determination of the Arrhenius constant A and E and the
Entropy of Activation AS^.
T 103/t lO^ -k 5+log k — 10—
364.15
356.55
347.55
343.55 
330.65
2.7461
2.8047
2.8773
2.9108
3.0243
3.422 1.5343 
1.688 1.2274 
0.7690 0.8859 
0.5140 0.7110 
0.1413 0.1501
-Il§
in
UJ
ÏÏ Z
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Best straight line taken graphically (see p . gives:
-1
E = 22.6 kcal.mole 
A = sec.“^
A8*= —14*6 e.u.
Best straight line by a "least squares" method with
calculation of error.
Let 10^/T = X ,  5+log^Qk = y, and y(calculated) =y*’
P px py px^ pxy y  ly'-yl lO^iy'-yf
1 2.7461 1.5343 7.5411 4.2133 1.5271 0.0072 51.8
1 2.8047 1.2274 7.8663 3.4425 1.2373 0.0101 102.0
1 2.8773 0.8859 8.2789 2.5490 0.8782 0.0077 59.3
1 2.9108 0.7110 8.4728 2.0696 0.7124 0.0014 2.0
1 3.0243 0.1501 9.1464 0.4539 0.1510 O.OOO9 0.8
5 14.3632 4.5087 41.3055 12.7283 215.9
5 + log^^A = 4.5087 x 41.3055 - 12.7283 x 14.3631
41.3055 X 5 - 14.3632^
■  '  15.1106
.'. A = 10^^*^^ sec.“^
- E  ^ 12.7283 X 5 - 4.5087 x 14.3632
R logelO 41.3055 X 5 - 14.36322
= -4*94646’
.. E = 22.63 kcal.mole ^
Error. _
  ^  = jTO.0002159 = /O.000072 = 0.008485
Wt. of 5 + = 0.226 = 0.00547 = 0.008485 = 0.1147
7T3Ü55 / o . 00547
55.
Wt. of E ^ 0.226 ^ 0.0452, ^ 0.008485 ^ 0.03991
R logglO 5 JÔ.0452
E = 22.6j — 0.18 kcal.mole ^
10.11^0.11 _i
A = 10 sec.
AS^ = -14.6 e.u.
Resolution of 4,6,4'-trinitrodiphenic acid.
Kuhn and Albrecht, Annalen, 1927, 458^ , 226
Christie and Kenner, J., 1926, 473.
IVO,
4,6,4 !--Erinitrodiphenic acid (6 g., 1 mol.) was dissolved 
in hot absolute ethanol (150 c.^ c.) and anhydrous quinine 
(10.3 g., 2 mois.) j^dissolved in ethanol (100 c.c.) The 
solutions were filtered and united. On cooling, 8.3 g. of 
quinine salt crystallised out in pale yellow prisms m.p. 
221—222° (with decomp.) Evaporation of the mother liquor 
to dryness gave 7.7 g. of quinine salt as a pale yellow 
powder m.p. 175-185° (with decomp.) which was purified by 
dissolving in ethanol and precipitating with petroleum 
ether giving 4 g. m.p. 186-187°
Less soluble salt.
-195° )
) in ION acetic acid (c. = 1.25)
6.
More soluble salt.
[a]^^° -191° )
) in ION acetic acid (c. = 1.25) 
°^'^ 5791 “^59^ )
Decomposition of the less soluble salt (3 g.) gave optically 
active acid (0.45 g.) m.p. 296-297° which crystallised out 
of the acidified solution.
-122° ) in 2N NagOO^ solution (c. =% 0,50)
k ] * *  -"«° >
Decomposition of the more soluble salt (3 g.) gave 0.6 g. of 
microcrystalline acid m.p. 289-292°.
^°'l461 \
+146° ) in 2F FagOOn (c. = 0.50)
5791 ) ^
^°*^5896 '*■^ 2^° )
Determination of rate constants for racémisation in 2N-sodium
carbonate solution.
Temp. First
reading
No, of readings 
after average taken
10 k (sec.
7 2.4° -1 .115° 15 0.2735
8 2 .0 -1.03q 16 0.663
8 4 .6 +1.00,-5
10 0.875
94 .0 —0 .98q 27 1.90

57.
Determination of the Arrhenius constants A and E and the
Entropy of activation .
T ioV t lO^k 5+log^oli
367.15 2.7237 1.900 1.2788
357.75 2.7953 0.875 0.9420
355.15 2.8157 0.663 0.8215
345.55 2.8939- 0.2735 0.4370
Best straight line taken graphically (see p. Gia. ) gives:
-1
E = 22.6 kcal.mole
9.1 -1
A = 10 sec.
AS^ = -16.4 e.u.
Best straight line hy "least squares" method with 
calculation of error.
Let 1 0 =  X, 5+log^Qk = y , and y (calculated) = y ^
P PX py px^ pxy y ly'-y* io^p(y-yf
1 2.7237 1.2788 7.4185 3.4831 1.2835 0.0047 22.1
1 2.7953 0.9420 7.8137 2.6332 0.9289 0.0131 171.6
1 2.8157 0.8215 7.9282 2.3131 0.8279 0.0064 41.0
1 2.8939 0.4370 8.3747 1.2646 0.4406 0.0036 13.0
4 11.2286 3.4793 31.5351 9.6940 247.7
5 + l°Sl0^ = 3.4793 X 31.5351 - 9.6940 x 11■ ' ■>
.2286
31.5351 X 4 - 11.2286'
=  0.8701 
(7:0-58?
= 14.7725
.'. A = lO^""^^ sec.-“^
- E  9.6940 X 4 - 3.4793 x 11.2286
R log^lO 0.0589
-4.95246
-1
E = 22^66 kcal.mole
58.
Error.
= J ~0.0002477 = 0.01112
Wt. of 5+Io s^qA = 0.0589 = 0.001858. y., = 0.01112 = 0.257
31.5351 V o .001868
Wt. of E = 0.0589 = 0.01 4 7 2 . ^ ^ =  0.01112 = 0.0917
R logglO 4 /O.01472
E = 22.70 1 0.40 kcal.mole"^
A . 109.ÎÎ10.26 sao.-’-
A3* = -16.1 e.u.
Resolution of 6-nitrodiphenic acid*
Bell and Robinson, J., 1927, 1695 and 2234
Adams and Hale, J* Amer* Chem. Soc *, 1939, 2825
6—Hitrodiphenic acid (4 g., 1 mol.) and anhydrous 
quinine (9 g*, 2 mol.) were diæolved separately in 100 c.c. 
portions of boiling absolute ethanol. The solutions were 
then filtered and united. Fractional crystallisation of the 
solution separated the diastereois'omeric salts.
59.
Less soluble salt.
First 4 crops. Total wt. 5.9g. Co-Jc .-t +273°
54ol B.p. CHOI.
Y9 L  +223 j (c . — 1.0) ^
More soluble salt.
5th crop. 2.3g. [a.]c/(r-, -84°)
„)in B.P. CHOI.
“^■^5791  ^ = ^'0)
Last crop 2,6g. [o.]^  . - -162.5°)
?4bl )ln B.P. OHOl,
[a^5791 -136° ) (c. = 1.0)3
Decomposition of the less soluble crops.
Acid obtained m.p. 247-248^
[a].4gl -456.5° )
)in 2H-FagC0g solution, (c. = 0.5) 
Ca]579i -374° ) ^ 3
Determination of the rate constants for racémisation in
Lution.
Ho. of readings 10'^k(sec. )^ 
after averages taken
18 0.435
27 1.262
64 4.237
54 8.045
Determination of the Arrhenius constants A and E and the 
Entropy of Activation AS^.
2H-sodium carbonate
Temp. First
reading
57.0° —2.48
67.55 -3.20
80.6 -2.89
87.6 —2 .89
T 10 3/T 1 0 % 5+log^Qk
360.75 2.7720 8.045 ■ 1.9056
353.75 2.8269 4.237 1.6267
340.70 2.9351 1.262 1.1010
330.15 3.0289 0.435 0.6385
m 59a
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Best straight line taken graphically (see p . 61a.) gives:
-1
E = 22.6 kcal.mole
^10.6 -1 
A = 10 sec.
= -12.1 e.u.
Best straight line hy a "least squares" method with
calculation of error,
Let I o V t  = X ,  5+log^^k = y , and y (calculated) = y^
p px py px2 ■ pxy y ly'-yl loS(y'-y)
1 2.7720 1.9056 7.6840 5.2823 1.9021 0.0035 12.3
1 2.8269 1.6267 7.9914 4.5985 1.6319 0.0052 27.0
1 2.9351 1.1010 8.6148 3.2315 1.0995 0.0015 2.3
1 3.0289 0.6385 9.1742 1.9340 0.6379 0.0006 0.4
4 11.5629 5.2718 33.4644 15 .0463 42.0
5+log A = 5.2718 X 33.4644 - 15.0463 x 11.5629 
10 ' 2  
33.4644 X 4 - 11.5629
= 2.4387
= 15.5430
A = 1 0 ^ 0 , , , . - 1
- E = 15.0463 X 4 -5.2718 x 11.5629
R logglO 33.4644 x 4 - 11.5629^
= -4.92097
-1
E = 22.513 kcal.mole
Error.
  ^  = Jo.000042 = 0.00458
Wt. of 5 + log. _A = 0.1569 = 0.00469
10 3J:TS4T
siV
wt. of
y .  = 0.00458 =
E
R logg
= 0.1569
0.067
0.03928
A l  = 0.00458 = 0.0231
f 0.03928
E = 22.5 i 0.10 kcal.mole-1
A
lO.54io.O7 -1
10 sec.
r f '
AS = —12*5 e *u*
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ARRHENIUS PLOTS FOR RACEMISATION OF SOME
n it r o d ip h e n ic  a c id s  in  a l k a l in e  s o l u t io n .
-3 2
HOO OOH
-34
HOOC COOH 
NO.
-3 6
3. qN
-3 »
HOOC COOH
-4-0
-42
48
62.
Racémisation of 4,6’--diriitrodiphenic acid in organic solvents
0*100 G-* of 4,6 ^ -dinitrodiphenic acid 
in 2N—sodium carbonate solution) did not dissolve completely 
in 20 c.c* n-butanol and the filtered solution had the small
20 8 ^ r>rotation -0^105 . Partial racémisation occurred on
boiling the solution for an hour.
0.100 G. of the same isomer did not dissolve complete­
ly in 20 c.c. diethyl ketone. The filtered solution had the 
initial rotation 0.^ 45^ -0.245^. The solution was boiled 
under reflux (9 8.2 )^ for timed periods, cooled quickly and 
the rotation taken. The results are given below:
Time (hours) 0 1.5 6.5 14.17 20.7 28.7
 ^ ((:)) -0.245 -0.235 -0.160 -0 .120 -0.09 -0 .0 6
5461
After boiling under reflux for 36 hours, the solution became 
too dark for the rotation to be measured. The infinity
reading was taken to be the blank of the instrument. An
—5 —1 0
approximate rate constant of k = 1 .37x10 sec. at 98.2
was obtained from this experiment (tr 14 hours).
4° in Na.CC
3
0 .08 G.. of the other isomer ( -24 ^ O )
dissolved in 20 c.c. cyclohexanone to give a solution with 
rotation a+0.11°. This solution was boiled under reflux 
(140°) and the rotation of the solution was taken at 
intervals as before:
Time (mins.) 0 10 35 70 120 300
c^5461 (^) 0.11 0.08 0.07 0.05 0.025 0.00
63.
An approximate rate constant of 1.8xlO“'^ sec at 140°
(ti ca»65 mins.) was obtained.
0.07 0. of acid ([cu]^^^^+228.5° in 2K-Na 00^ solution)
dissolved in 20 c.c. cellosolve to give a solution with an 
initial rotation of —0.15^. Racémisation was
followed by boiling the solution (132.6^) for timed periods 
as before:
Time (mins.) 0 25 90 250
-0.15 -0.12 -0.06 0.00
An approximate rate constant of 1,5x10 ^sec. at 132.6°
(ti 76 mins.) was obtained.
These results were considered unsuitable for the 
determination of the activation energy of the racémisation.
64.
Preparation of the dimethyl ester/ of active 
6-nitrodiphenic acid.
6-Nitrodiphenic acid -438° in 21^-Fa_00g
5461 2 3
solution) (0.45 g ., 1.0 mol.) was ground with phosphorus
pentachloride (0.7 g., 1.1 mol.) When the reaction was
complete, the phosphorus oxychloride was pumped off and the
residue treated with 4 c.c. methanol, which reacted
vigorously. A further 12 c.c. of methanol was added and
the solution was examined polarimetrically and was found
to have a rotation a _ -t-2.35^  which was unchanged on
5461
being allowed to stand overnight.
Preparation of the dimethyl esterig of active 4 ,6'-dinitro-
diphenic acid.
4,6'■-Dinitrodiphenic acid ([a] _ -244° in 2îT-ïïa GO
5461 2 3
solution) (0.5 g., 1 mol.) was ground with phosphorus
pentachloride (0.7 g., 1.1 mol.) and the reaction was
completed by warming slightly under anhydrous conditions on
the water bath. The phosphorus oxychloride was pumped off
and a solid m.p. 95-97° was obtained which was treated with
2 c.c. methanol giving a crystalline product m.p. 110-120°.
0.0476 Gr. did not dissolve completely in n-butanol
o
but the solution produced had a rotation +0.17 , thus
giving an approximate specific rotation +36°.
The solution was heated to 89° and maintained at 
this temperature for 2i hours during which time the 
rotation did not change appreciably and after cooling to
65.
room temperature and on being allowed to stand overnight,
the rotation was +0.16°. The solution was then
boiled for two hours (temp.117°) and on cooling gave a
rotation a, +0.08° and after boiling for a further tv/o 
5461
hours gave o y +0.04°. Racémisation was virtually 
complete after boiling for a further 7 hours.
The solution was concentrated and prisms of the 
racemic dimethyldinitrodiphenate m.p.128—9° crystallised out 
The half-life period 6f the dimethyl ester was 
therefore about 2 hours at 117°. Prom the plot of log k 
against l/T for the free acid in organic solvents, the 
acid is found to have a half-life period of about 4 hours 
at this temperature. This suggests that the dimethyl ester 
is slightly less stable than the acid in organic solvents, 
though it is much more stable than the acid in sodium 
carbonate solution.
66.'
PART III: DISCUSSION
Several predictions have been made of the minimum
activation energy of racémisation required for observation
of optical activity in the region of room temperature.
Kistiakowsky and Smith (loc .cit.) estimated 20 kcal.mole”^,
-1
whilst Mills (P., 1943, 194) suggested 16 kcal.mole 
Recently, Westheimer St eric Effects in Organic Chemistry, 
Gen. Ed., Newman, John Wiley and Sons, New York, p.554) 
considered 17 kcal.mole ^ to be the minimum activation 
energy for the resolution of an optically active diphenyl 
by ordinary techniques.
—1Kistiakowsky and Smithy's estimate of 20 kcal.mole
11 -1
presupposed a non—exponential term of 10 sec. Compounds 
whose racémisations had activation energies as suggested by 
Mills and by ’Westheimer with this A value would be extremely 
difficult to isolate in an optically active state; this may 
be seen in the following table :
Half-life period at 20°C.
E (kcal.mole""^) 15 17 20
A (sec ."^ )^
10^ 1.75 min. 53 min. 6.5 days
10^^ 1.05 sec. 32 sec. 1.55 hr.
10^^ 0.0105 sec. 0.32 sec. 56 sec.
The substituted N-benzoyldiphenylamine carboxylic 
acids which have now been studied are found to have A values
67.
2 —^fluoro—6-methyl compound has the lowest activation energy 
of racémisation (14.7 kcal.mole yet found for an 
optically active compound and it owes its stability 
(t_i 3.2 min. at 20° in solvent X) to its very low A value 
of 10®*^ sec.“^
Discussion of the energy independent factor of the 
rate constant equation can be based upon either the approach 
of Glasstone, Laidler and Eyring (see p.10 ) or upon that 
of Slater (see p. 91 ). The two treatments have been
shown to be formally identical and in considering the 
racémisation of internally hindered compounds, both treat­
ments are found to be of use.
The results given in Table III for the N—benzoyldiphenyl’^
amine series therefore include, together with the activation
energy, the A value (which corresponds to the v of the
Slater treatment) and the entropy of activation AS^ ,
calculated according to the Glasstone, Laidler and E^/ring
method. The E, A and AS^ values given are those calculated
in parentKtsia and cliose
by a "least squares" method. [The valuesj^given in Brooks, 
Harris and Howlett (J., 1957, 2380), are those obtained 
by the graphical method.]
Table IV gives the values of the rate constants of 
racémisation in solvent 2 at 20°. The values in parenthesis 
are those given by Harris, Potter and Turner (1955, loc .cit.) 
and the order of stability, on this criterion, does not
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conflict with that obtained from observations of alka.loidal 
salts.. The free energy of activation at this temperature 
is calculated for reach of the whole series using the 
expression:
— ag^/rt —1
Rate constant __tT e sec.
The variation of AG^ over the whole range is only 
-1
1.3 kcal.mole
Acid,
CO^ >k
CO PL
Solvent:
TABLE III.
p
Ik I
(°C)
E
(kcal.mole
A
-Is , -1,) (sec. )
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(e.u.)
:: Solvent Z.
1.20 
0.560 
0.327 
0.162
20.0 ) 
13.8 ) 
6.9 ) 
0.6 )
16.4
(16.4) (10^ -^ )
-13.4
(-13.3)
1.01
0.795
0.1194
20.0 ) 
17.8 ) 
0.8 )
17.7
(17.7) ^loll.2)
-9.3
(-9 .1 )
0.663
0.357
0.109
27.4 ) 
20.0 ) 
6.9 )
14.7
(14.9) (10®' )
-21.4
(-20.9)
0.654
0.277
0.108
0.0410
29.8 ) 
20.0 ) 
10.2 ) 
0.7 )
15.7
(1 5.7) (“ 9'h
-18.6  ^
(—1 8.6)
0.601
0.56%
0.198
0.0795
0.0274
32.0 ) 
31.8 ) 
20.0 ) 
10.8 ) 
0.6 )
16.2
(16.4)
lo’ -*
(10^-5)
-17.6 
(—1 6.9)1
0.833 
0.288 
0.0858  
0.0817
20.0 ) 
10.8 ) 
1.0 ) 
0.6 )
19.1
(19.3)
10^2*2^( . )
—4.8 ; 
(-/ul) '
Ethanol.
i1
1
0.448 
0.185 
0.0603 
amison and
17.7 )
9.5
0.65)
Turner,
1 8.6 
(18.7) 
J., 1938, 1646)
-7.1
(-6.9.)
Solvent: Chloroform containing 5.9^ ethanol (by volume)
0.483 25.4 )
0.308 20.4 ) 16.3
0.0738 6.3) (16.6)
(Potter. Thesis, London, 1953)
L p kThese fil^ -ures differ slightly from tiose in Brooks, Harris & 
Howlett (lo,i ui.t.'l __________ ________________
10^-® -16.4
(109"7) (-15,4)
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Acid 20
TABLE IV.
-1
k (min. ) at 20
2
in solvent X (min.)
0
^ 3  (10<’U
CCfk
cjbfL c-OtH
CùPk
Cfi. CoPk COj.4
CM:
CA CO?U
i'- ioPk
CMi
CA- 'coPk
Cft-
0.72 0.96
0.61 1.1
0.50 1.4
0.44 1.6
0.214(0.209) 3.2
0.166(0.167) 4.2
(0.147) (4.7)
0.119(0.115) 5.8
(0.0929) ('7,5)
(0.0862) (8.0)
AG^ kcal.mole 
aX 10°.
19.7
—I
19 .8
19.9
20.0
20.4
20.6
20 .6
20.8
20.9
21.0
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In comparing the results for racémisations in solvent X
it seemed permissible to include the values for the 4,6,4»-
tribromo-acid and the 2 »-chloro-6-methyl-acid, which were
obtained in ethanol and in chloroform containing 6.9^ /^  ethanol
respectively, in any broad considerations. Rate constants
obtained for the 6,2 »-dimethyl-acid in chloroform, solvent X
and ethanol suggest that the variation within this solvent
-1
range will be of the order of only 0.1 kcal.mole for E
0.1 —1 
and 10 sec. for A.
The data separate the acids into two groups, the 6-methyl- 
acids and the 6-bromo-acids. All the 6-methyl-acids have low 
entropies of activation and consequently low A factors. The 
6-bromo—acids on the other hand have A factors which are 
higher and more normal for unimolecular processes. In terms 
of Slater»s treatment, this means that the most heavily 
weighted normal modes which tend to produce the activated 
complex are of very low frequency in the 6-methyl-acids, 
whereas in the 6-bromo-acids they are nearer to normal bond 
vibration frequencies. In terms of the G-lasstone, Laidler 
and Eyring theory, the entropies of activation indicate that 
the 6-methyl-acids, but not the 6-bromo-acids, are relative­
ly more restricted or more rigid in the transition state 
than in the normal state.
Inside these two main groups, the following variations
are observed:- Substitution at the 2»-position by fluorine
1 Pi —1 0.9 —1
drops A by 10 sec. and by bromine drops A by 10 sec. ,
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0 9 —1
whereas a 2 »-methyl substituent causes A to rise by 10 * sec.
Considering the E values, the values for the 6-methyl-
acids fall between 14.7 and 17.7 kcal.mole"^ whilst the 6-bromo-
-1
acids have E values about 19 kcal.mole . Substitution at
2» by bromine and chlorine has little effect on E but fluorine
lowers E by 1.3 kcal.mole ^ relative to hydrogen and 2 »-methyl
-1
substitution raises E by 1.5 kcal.mole . It is clear that 
mere bulk of substituent at the 2 '-position is not directly 
related to the energy of activation of the racémisation despite 
the fact that it seems most likely that it is the relative 
conformation of the carboxylated ring to the rest of the 
molecule which is responsible for optical isomerism, and in 
passing from one enantiomer to the other, substituents at 2' 
will come near to the 2 and 6 substituents of the carboxylated 
ring.
It seems probable that several opposing effects are in 
operation in these rather complex molecules. Some of these 
effects have been considered by Harris, Potter and Turner 
(loc.cit.) who laid particular stress on electrical effects. 
However, as pointed out by Hammett (Physical Organic Chemistry. 
McGraw-Hill, Hew York, 1940, p.118) since there may be consider­
ed to be an equilibrium between reactants and activated state 
molecules in a unimolecular reaction, if one considers the 
equilibrium constant in terms of partition functions, these 
partition functions contain both potential energy terms (which 
are affected by electrical effects) and kinetic energy terms 
composed of translational, vibrational and rotational effects
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(which are largely affected by mass distribution and only
slightly by electrical effects). Thus the activation energy 
contains both kinetic and potential energy increments. If 
therefore the kinetic energy increments become important, then 
no simple relation between electron displacements and E is 
expected. In the molecules under consideration, the rotating 
groups are heavy and therefore the kinetic energy terms are 
important.
Considering first the main divergency between the 6-bromo 
and the 6-methyl series of acids, bromine will tend by 
induction to denude the whole of its attached ring including 
the carboxyl group of electrons. Its effect may be gauged by 
the relative strengthening of benzoic acid (pKg^  4.20) by 
m-bromo substitution (m-bromobenzoic acid pKa 3.81) . The irwo 
bromine atoms at 4- and 6- positions will thus leave the 
hydrogen atom of the carboxyl group considerably more positive 
than it will be in the methyl series : of acids since methyl 
substituents have a small effect in the opposite direction 
(m-toluic acid pK^ 4.24). The hydrogen atom of the carboxyl 
group is thus very ready to form a hydrogen bond in the bromo- 
acids and much less ready in the methyl-acids.
Various possibilities for hydrogen bonding exist in these 
molecules. Intramolecular bonding is possible in all the 
acids between the oxygen of the benzoyl group and the carboxyl 
hydrogen atom. Alternatively, either of these atoms might 
form a hydrogen bond with the solvents (chloroform or ethanol).
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It might he argued that the fluorine, chlorine and possibly
bromine substituents could also enter into hydrogen bond
formation. However, this possibility seems unlikely because
these atoms (particularly fluorine and chlorine) are strong
electronegative centres in certain situations only, and
probably not when directly bonded to aromatic nuclei. Some
evidence for this assertion may be obtained by considering
the solubilities of model aromatic compounds in water to
reflect the ability of the functional group to enter into
the hydrogen bonding system of water. At 30^, the
solubilities in g./lOOg. of water arer-
Phenol 8.8
Aniline 3.7
Benzoic acid 0.41
Nitrobenzene 0.24
Fluorobenzene 0.15
Chlorobenzene 0.05
Bromobenzene 0.05
Benzene 0.08
The halogenobenzenes are not greatly different from benzene
itself suggesting that the halogen atoms are not able to
enter into hydrogen bonding to any significant extent.
The infra-red spectra of several of these N-benzoyl­
diphenylamine acids in the solid state were determined by 
Sadtier and Son Inc., Philadelphia. The acids studied were 
all 2-carboxyl-acids except one, the 4-carboxyl-acid. They
all show bands characteristic of hydrogen bonded carboxyl
—1
groups. A free hydroxyl-group absorbs ca.~',.3800 cm. but 
hydrogen bonding increases the -OH bond length and therefore
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the band moves to lower frequencies. None of these acids
showed a detectable band at 3600 cm. but all show a band 
—1
at 3400 cm. , This band is strongest in the 6-bromo-acid 
while in the 6-methy1-acids the band strength decreases with 
2 ’-substituents in the order 2'-methyl,2'-chloro, 2 ’-bromo.
Also all the acids show absorption in the range 2700 to 2500cm.“^ 
which is indicative of a strongly hydrogen bonded -OH group.
Intramolecular hydrogen bonding is possible in all 
except the 4-carboxyl-acid but intermolecular hydrogen bonding 
is quite possible in this acid and molecular weight determination 
by depression of the freezing point of p-naphthol showed 
that the molecule existed quite considerably in the dimeric 
state. Molecular weight determinations of some of the 
2 *■-carboxy 1-acids showed them to exist mainly in the 
monomeric state. The results obtained are given in Table V.
The possibility of the 2-carboxyl-acids existing in the 
dimeric form will not be further considered.
TABIE V.
Molecular weight determinations.-
Acid M.W, of
monomei*
Benzoic acid 122
NTBenzoyl-4,6-dibromodiphenylamine 475
-2—carboxylic acid
N-Benzoyl-2 ' , 4 ’ -dichloro-6-methyldipheny 1-
amine-2-carboxylic acid 400
N—Benzoyldiphenylamine—4—carboxylic acid 317
(a):- M,W. obtained from depression of the freezing point
of p-naphth''’
e"’-  M o r § K ? i ”
(Obs,erved)
246 (a)
476 (a)
485 h)
411 (b)
520 (a)
hthol.
ined from elevation of the boiling point of
76.
Therefore the hydrogen bonding possibilities which
seem important are those involving the carbonyl oxygen of 
the benzoyl group and the hydrogen of the carboxyl group, 
either bonding with each other or with the solvents. In the 
6-bromo-acids, the hydrogen of the carboxyl group is very 
ready to hydrogen bond and, owing to the frequency of 
opportunity, it seems probable that it will preferentially 
form intramolecular hydrogen bonds with the carbonyl oxygen. 
This preference for intramolecular hydrogen bonding when it 
is possible, is known to be the result in other cases such 
as o_-nitrophenol. In the 6-me thy 1-acids , however, the 
hydrogen of the carboxyl-group is much less ready to hydrogen 
bond so that this internal hydrogen bond will be much weaker 
and therefore there will be a greater chance that hydrogen 
bonding will be formed between the carbonyl oxygen and 
suitable solvent molecules.
This will nean that in the 6-bromo-acids a comparatively 
strong intramolecular hydrogen bond has to be broken for 
racémisation to occur so that an extra activation energy 
increment must be supplied equal to the strength of the 
hydrogen bond which is likely to be of the order of 
3-4 kcal.mole’"^. Also this intramolecular hydrogen bond 
means that the initial (normal) state of the 6-bromo-aoids 
is already a stiffer one than the conventional structural 
formula suggests. Thus the activated state will not be 
relatively much different in entropy so that no large change
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in entropy oh activation is expected. Considering the A 
f ac uor ±roi3i olater ' s viewpoint, since a "bond" has to be 
orokcen uo produce the activated state, a highly weighted, 
normal mode frequency will be one of vibration which, though 
a low vibration frequency, vâll be * considerably higher than 
the frequencies of rotation of heavy groups. Therefore the 
mean value of v(A factor) will be high.
If this intramolecular hydrogen bond is weak in the 
o-methyl-acids, then the important normal mode frequencies 
contributing to the A factor are those of the rotation of 
heavy groups, so that the A factors will be low. In terms 
of the Classtone, Laidler and Eyring treatment, the normal 
molecule is relatively unrestricted whilst in the activated 
state much order and synchronisation must be introduced so 
that there will be a low entropy of activation.
In both types of acids, once the hydrogen bond is 
broken and the groups have moved apart in the process of 
racémisation, there will be the possibility of hydrogen 
bonding with the solvent. Thus racémisation will be slower 
in solvents capable of forming hydrogen bonds since "addition" 
of the solvent will increase the size of the rotating groups.
Effect of substitution in the 2 '-position upon the optical 
stabilitv of N-benzoyl-6•^methyldiphenyLamine-2-carboxylic acid.
Considering the 6-methyl acids only, it seems that 
variation in E and A factors can be correlated with electrical 
effects and substituent bulk. Eet us consider substitution
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at the 2 '■-position by methyl, fluorine, bromine and chlorine. 
Electron attracting groups in this position will tend to 
draw the lone-pair of electrons on the nitrogen atom towards 
the ring (the competition for these electrons by the 
substituents in the other ring is constant in all these acids
and the nitrogen is probably very 
weakly basic and near planar in 
configuration). Electron 
repelling groups will oppose the 
migration of the lone-pair 
electrons tov/ards the ring.
Eor electron withdrawal from the nitrogen to be very 
effective, the three nitrogen valencies must be near the 
plane of the ring. Since synchronised movement of the rings 
seems to be necessary for the optical inversion (Harris, 
Potter and Turner, loc.cit.) then as each ring passes through 
the plane of the nitrogen valencies, it has the opportunity 
of increasing the double bond character of its G-H bond.
This will lower the energy required for each ring to pass 
through this plane and therefore will lower the energy of 
the transition state. At the same time, the induced double 
bond character means that the transition state becomes stiffer 
and therefore a low entropy of activation is also expected 
where the 2 '-substituent is electron withdrawing.
The 2 '-fluorine substituent is expected to exert the 
greatest influence in this way., giving both low E and low A
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values. Substitution in the 2 '-position by chlorine and 
by bromine will probably exert smaller influences in the 
same direction, leading to slightly lower E and A values 
relative to the unsubstituted acid. Also, chlorine and 
bromine are larger blocking groups (fluorine seems to have 
little greater blocking effect than hydrogen) so that al­
though the overall A factor is still lower than that for 
the unsubstituted acid, the blocking effect introduces an 
extra energy increment opposing the formation of the 
activated state. The overall effect on E is thus small.
In the case of 2 '-methy1-substitution, amilar arguments 
predict that the electrical effect of the methyl group will 
raise E and A and the bulk effect will also raise E so that 
both E and A are higher for this acid than for the parent 
compound.
In the 6,4'-dimethyl-acid, the 4'-methyl substituent, 
although it will have no direct steric effect will, by its 
electrical effect, raise both E and A slightly so that the 
A value may be as high as for the 6,2'-dimethyl-acid, 
whereas the E value should lie between those of the 6-methyl- 
and the 6,2'-dimethyl-acid. Since the 6,2'-dimethyl-acid 
racemises nearly as quickly as the 6-methy1-acid at these 
temperatures, the 6,4'—dimethyl-acid would be expected to 
racemise as fast as, or more quickly than the 6-methyl-acid, 
if the rise in A compensates or more than compensates for 
the rise in E. The overall difference is likely to be
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small. It was found that the 6,4'-dimethyl-acid racemises 
slightly faster than the 6-methyl acid.
In the foregoing discussion, it has been possible 
to explain the experimental results by considering the 
simultaneous application of three influences on E and A:- 
(1) the possibility of hydrogen bonding, (2) electrical 
effects, and (3) size effects.
Effect of change of solvent.
Arrhenius parameters for the racémisation of the 
6,2'-dimethyl-acid were determined for the range of solvents, 
washed chloroform, solvent % and ethanol, and these are 
given in Table VI, At the temperatures studied racémisation 
was fastest in ethanol and slowest in chloroform and the 
results show a very slight increase in E and a slight 
decrease in A when the solvent is changed from ethanol to 
solvent Z to chloroform. Since both ethanol and chloroform 
may enter into hydrogen bonding with the acid, the slight 
effect may be dependent upon chloroform being a larger and 
heavier molecule, which gives rise to a slight increase 
in E and decrease in A. Estimates were also made of the 
rate constant of racémisation at one temperature in sodium 
ethoxide solution and in pyridine. It was difficult to 
obtain an accurate figure for the rate constant of 
racémisation but the approximate value for racémisation in 
sodium ethoxide solution was 0.0004 sec,~l at 21,8° ^ which
8lV
is considerably slower than in the organic solvents, while
-1 o
the rate in pyridine was approximate 0.0018 sec. at 0.7 , 
which is faster than in the chloroform/ethanol solvents.
It was decided to investigate the effect upon the 
E and A values of carrying out the racémisation in a 
non—polar solvent (benzene). It has been suggested that 
in the 6-methyl-acids, intramolecular hydrogen bonding will 
be weak and competition for hydrogen bonding with the 
solvents will probably have considerable effect. However, 
in benzene solution, the competition of solvent molecules 
is absent and therefore there will be a weak intramolecular 
hydrogen bond which would probably increase E slightly and 
A will also be higher, since the initial state of the 
molecule will be slightly more fixed and also there are no 
attached solvent molecules to lower A by increasing the 
size of the rotating groups. The results are given in 
Table VI and as expected both E and A were found to be 
higher for racémisation in benzene solution.
The racémisation of another 6-methyl-acid, the
2'-bromo compound was also studied in benzene solution.
Like the 2 '-methyl analogue, it was found to be faster in
benzene than in solvent X at the temperatures studied. The
results are given in Table VI and E was found to be only
0.4 -1
slightly raised but A was raised by 10 See.
Changing the solvent from solvent X to benzene was 
expected to have less effect on a 6-bromo-acid where the 
intramolecular hydrogen bond is stronger, nevertheless as
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Acid lO^k
TABLE VI. 
T E A
-1 -1 -1
(sec. ) ( G) (kcal.mole ) (sec. ) 
Solvent: Ethanol.
1.23 20.4 ) 11,23-0.05
0.853 16.8 17.64l0.06 10 '
0.1422 0.8 )
Solvent: Solvent X.
1.01 20.0 ) -I -I ift+o 07
0.795 17.8 ) 17.68i0.10 10 ' '
0.1194 0.8 )
Solvent: Chloroform
o!590 16Ig ! 17.73io.19 10^ '^^ "^°'^ ^
0.263 9 .7
0 .0 9 4 4 0.8
Solvent: Benzene
1 .7 2 9 2 0 .4 )
0.825 1 3 .95) I8.6l0.32
0.5355 9.85
0.3411 6.25
i2 .05iO .24
10
AS*
(e.u.)
-9 .1
-9.3
-9.5
-5.1
Solvent: Solvent X.
0.601 32 .0  
0.562 31.8  
0 .198 20.0  
0.0795 10.8 
0.0274 0.6
16.2
Solvent: Benzene
0.564- 23.05 Ï
19.35 )
16.0 ) 16.3
14.25
0.37-7
0 .2 9 4
0.256
0.1087 6.6
10
9.4
10
9.8
- 17.6
-15 .7
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mentioned before, once the hydrogen bond is broken and the
groups have moved away in process of racémisation, there
will be the possibility of hydrogen bonding with suitable
solvents. In benzene, therefore, this cannot occur and the
acids are expected to racemise slightly faster. Attempts
were made to determine the Arrhenius parameters for
racémisation of the 4,6-dibromo-acid in benzene solution.
Approximate rate constants were obtained for racémisation 
0 0
at 7 and 16 and the rates were definitely faster than in 
solvent X at these temperatures. The low solubility of 
the acid and the rapidity of the racémisations, however, 
made it very difficult to obtain the rate constants v/ith 
sufficient accuracy to make the Arrhenius parameters of any 
value.
As has already been noted (Harris, Potter and 
Turner, loc. cit.) scale models (constructed without the 
van der Waals envelopes) show that in all the H-benzoyl 
diph eny lamine acids, in the most favourable positions, 
rotation is unrestricted. These authors account for the 
optical activity by considering that the movement of the 
various parts must be synchronised and that these favourable 
rotating positions must be relatively rarely attained. This 
must account for some of the lowering of the non-exponential 
term in the racémisation of these acids. It is nevertheless 
interesting that in some cases these models show obstruction
84
and sometimes do not when there is little difference in the 
E value. This may he due to the number of atoms which must 
come into proximity in the transition state. In, for example 
2,2'-dibromodiphenyl, only two pairs of atoms are forced 
together as the molecule inverts configuration. In the 
N-benzoyl diphenylamine acids or tri-o-thymotide, many atoms 
are in proximity in the transition state. Thus, whereas the 
neglected long range van der Waals repulsions do not 
contribute very significantly in the case of 2,2'-dibromodiphenyl 
the sum of many such repulsions becomes the activation energy 
in the latter examples. The molecular models cannot of 
course be perfect in their representative of forces.
The optical stability of 6-nitro-,4,6'-dinitro- and 4 ,6,4'- 
trinitro-diphenic acid.
Attention was then turned to the field of optically 
active diphenyls and in particular to the early work of 
Kuhn and Albrecht on the two nitrodiphenic acids VII and VIII . 
It seemed of interest to study these again with the particu­
lar purpose of determining the Arrhenius parameters as 
accurately as possible. It was also decided to include 
6-nitrodiphenic acid for further comparison.
The acids were resolved by fractional crystallisation 
of their quinine salts from ethanol and une active acid 
salts were decomposed with concentrated hydrochloric acid.
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Racémisation of the active acids in sodium carbonate 
solution was studied over a range of temperatures and the 
Arrhenius parameters calculated. The results are given 
in Table VII.
The ease of racémisation was remarkably different; 
as shown by the half-life periods. The activation energy 
was constant for all three acids and the difference was found 
to lie in the non-exponential' term or (in terms of the Eyring 
theory) in the entropy of activation.
In the calculation of AS^ both here and for the 
N-benzoyl diphenylamine carboxylic acids, the Eyring 
equation:
-E/E2 AS*/E 
Rate constant = e ÀT e e
T
has been used. This equation v/as originally derived for 
decomposition reactions but it can be shown that precisely 
the same equation applies when the reaction is an internal 
rotation.
It is of interest to attempt to justify the values 
of A8^ obtained experimentally. This problem, related to the 
nitrodiphenic acids, is more easily tackled than in the case 
of the complicated N-benzoyl diphenylaminecarboxylic acid 
molecules. Even though the small differences between these 
acids are not readily accessible to calculation because of 
the crudities of the estimates, the rough magnitudes of 
AS^ can be calculated.
85.
Acid
— ^  \ — /  0 .663
i o \
(sec.” )^
6.045 
4.237 
1.262 
0.435
3.422 
1.688 
'«u 0.769
0 .5 14
0.141
1 .900  
Mi 0.875
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Table VTI.
T E A AS*
( C) (kcal.mole (sec. (e.u.) (imin.)
o
87.0
67.55
57.0
+22.510.1 1010.54±Q.07 -12.5 28
9 1 .0
83.4
74.4
70.4
57.5
+,
22.6lo.l8 10
10.1110.11
-1 4 .6 91
94.0 
84.6
8 2 .0
9.77-0.26
22.7Î0.4
*0^  co^H 0.2735 72.4
(the values given are the half-life periods at 80°C, taken 
2
from the graph of log k against the reciprocal absolute 
temperature)*
10 - 16.1 208
Considering 6-nitrodiphenic acid, the molecule has a 
nitro and two carboxyl groups in the blocking positions in a 
diphenyl skeleton and might be ascribed three hindered 
Internal rotations in the normal state. These rotations 
are completely lost in the activated state. Using the 
treatment and data of Pitzer and Uwinn (J. Chem. Phys.,
1 9 4 2, 1 0 , 430):-
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 1_____  _ nh______  _
Qfr /(Sir^IkT) 2.793 x
where n = number of equivalent minima per rotation (n =- 2 for 
•both groups) ; = Partition function for a free rotator ;
I = Reduced Moment of Inertia^ and k = Boltzmann''s constant.
1 = 1 :_____
Qfr 1.397 X 10-^ /(IT)
2 0 2 
I = 2(1.4 cos 30°) X 16 = 47.04 at.vrt. A
KO2
2
= 4(1.4 cos 30°)2 X 12 + 4(2.5 cos 30°) x 1.008
= 8 9 .4 6 at.wt. 2. ^
= \ 02^ h  = 30.83 at.wt. f  = 5.16 x 10~^^ g. cm.^
^NOg"^ ^Ph
Taking 1  ^ 350°K (an average of the temperatures used in the
determination of the Arrhenius parameters)
I = 0 .0525
*2fr
How, = RÏ â(logg Q^^) + E logg
dT
where = Entropy of a free rotator;
and ET d(logg Qf^) _ —S— fox 1 degree of freedom.
— era  • 2
= R (0.5 + logg Qfj.) = 1 .9 8 7 (0 .5+2.947) =6 .85 e.u
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A nitro group attached to an aromatic nucleus is 
preferentially coplanar with it. The barrier (V) hindering 
free rotation seems likely to lie in the range 0-5 kcal.mole”^ 
Thus, if V = 0, V/RT = 0,
if V = 3 kcal.mole"^, V/ET = 4.3 at 350° K,
-1 o
whilst, if V = 5 kcal.mole , v/RT = 7.2 at 350 K.
From these figures for l/Q^^ and v/r t , Pitzer and Gwinn's
table gives the entropy decrease from free rotation of the
nitro group in the normal state of the molecule as 0, 1.2
and 1.8 e.u. respectively for the 3 hindering potentials
considered. Thus would be 6.8, 5.6 or 5.0 e.u. per
nitro group. (8^^ = Entropy of the hindered rotator).
The calculation gives an identical answer for the 
carboxyl group and therefore if these hindered rotations 
were completely restricted in the activate^/éomplex, then 
AS* should be approximately -16 e.u. from this source.
Other contributors to AS^ are the change from a 
restricted interannular rotation to a free rotation and the 
stiffening up of many of the vibrations in the transition 
state — particularly those involving the ortho-groups.
These last two effects are likely to be small and they act 
in opposition — the torsional vibration going bo a free 
rotation gives a positive increment to AS* but the stiffened 
vibrations give a negative increment.
Therefore this rough estimate suggests that it is 
the loss of the internal rotations of the nitro and two
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carboxyl groups in the blocking positions which is the main 
factor contributing to the total entropy of activation.
Considering the effect of 4— and 4*^ —nitro groups on 
the internal rotational entropy, nitro and carboxyl groups 
both tend to withdraw the T  electrons of the phenyl ring 
and so, with the introduction of further nitro groups into 
the ring, the total resonance energy will be greater although 
the resonance energy per group will probably be lower. This 
suggests that in 4 ,6 ,4 '-trinitrodiphenic acid there is less 
individual conjugation of each group with the ring and 
therefore the molecule possesses more rotational entropy of 
the substituent groups in the normal state, and since the 
three blocking groups will lose all of their rotational 
entropy in the transition state, this gives a negative 
increment to AS * . Also, in the transitional state, these 
three blocking groups will be approximately normal to the 
plane of the ring and therefore not in conjugation with it, 
so that the £-nitro groups could be in greater conjugation 
with the ring and therefore give another negative increment 
to AS*.
The effect of mere additional mass upon the A factors 
(via ponderic entropy of activation increments) seems likely 
to be much smaller in the case of the nitrodiphenic acids 
than in the N-benzoyl diphenylamine-2-carboxylic acids.
This is partly because the extra nitro groups in the 4— and 
4.’— positions are well removed from the "reaction" cenbre
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and so will not greatly affect the important vibration 
frequencies which are largely concerned with deformation of 
the ortho-substituents. This means that the ponderic effect
on the vibrational entropy of activation will be small.
Also, the extra mass is almost on the axis of rotation of 
each ring so that the effect on the rotational entropy will 
be negligible.
In the N—benzoyl diphenylamine-2-carboxylic acids, the 
mass changes are generally made in positions ortho to the 
central C-K bonds, which is well away from the axis of 
rotation of the ring so that ponderic effects become quite 
important.
Within experimental error, the activation energy of 
the three nitrodiphenic acids is constant. This must be 
due to a cancelling out of effects. For example,. the effect
c4 kWs Oftf^ o-groups
of the £-nitro groups in lowering the conjugationJ^with the 
ring will lower the energy as well as the entropy of 
activation. However, the nitro groups 'in these molecules 
induce positive charges on the 1 and 1' carbon atoms which 
will lower the stabilisation energy of the transition state, 
that is, will raise the energy of activation.
Comparison of the A values of bridged and non-bridged diphenyls 
It is interesting to notice the marked difference 
between the A values (10“^*^—10  ^ sec. ) of uhe bridged 
diphenyls (XIV to XVIII; see ihtfoduÆdon) and the lower values 
in the ran-o-e 109 -10^^ sec."^^ of the non-bridged diphenyls and
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similar compounds.
Slater^’s tneory of unimolecular reactions (c.f. 
particularly, Proc. Camb. Phil. Soc., 1939, 35, 56 ; Proc. 
Roy. Soc., 1948, A 194, 112 ; and Phil. Trans., 1953, A 246, 
57) gives the limiting, high concentration, first order rate 
constant as
where ^ is a weighted mean of the normal mode vibration 
frequencies; weighted in proportion to their effectiveness 
in assisting the formation of the activated state.
In the racémisation of a diphenyl, the important 
modes will be those bringing the rings coplanar. The most 
important will be that mode connected with interplanar 
twisting, and another mode connected with ortho-group 
bending in the plane of the ring will also be important.
In diphenyl itself, the force constant for interplanar
twisting obtained by Hewlett (J .., 1957, 4353) is very low
—13 -2 -1
(1 X 10 erg. radian molecule , and this may well be
an overestimate), so that the vibrational frequency in
such a mode would also be low - possibly of the order of
lO^^sec."^^, instead of a more normal value for bond
13 -1
vibrations of about 10 sec. . Thus, if this mode is the
most important in contributing to v , then v for uhe 
racémisation of an unbridged diphenyl will be in the region 
of 10^^sec*~- instead of lO^^sec. ^ which is more normal 
for unimolecular reactions.
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However, in a bridged diphenyl the same type of
interplanar twisting vibration cannot operate, and all the
important modes contributing to ^ are those involving
bending or stretching of bonds in the bridge or in the ortho
13 -1
groups. Therefore v will be about 10 sec. , which 
is the value more normal for bond vibrations.
This agrees very well with the range of values
obtained for the bridged and non-bridged diphenyls and it
is also interesting to note the two values obtained for the
■ 11.5 -1, , 12.7 -1^
two azepins (A = 10 sec. ) and X^/H (A = 10 sec. ).
In the difluoro-compound XVH, only bond bending or stretching
modes will be important, whereas in the dinitro-compound,
rotation of the o_-nitro-groups would be expected to make
some contribution to V giving the slightly lower value for
x n  than for XVIL
A further correlation can be obtained from Armarego
and Turner's observation that the three unbridged sulphur
compounds X X  , XXI andXXII are very much more optically
stable than the bridged compound X V .  None of these
unbridged compounds showed any tendency to racemise at
temperatures of about 200°C., whereas X V  racemised with a
half life period of 24 mins. at 136°0. The authors suggest
that the lower stability of the bridged compound is because
the energy of approach of the two sulphur atoms has oeen
partially overcome. An energy greater than that of the
bridged compound % V  (31 kcal.mole" ) would then be expected
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XKl
ÇH
XXU
for the unbridged compounds yet it is interesting to note 
the considerable increase in stability which would result
from a lower A value of the order found in unbridged
-1
diphenyls. If the energy of activation (31 kcal..mole )
determined for is used together with, for example, an 
10 —1
A value of 10 sec. (taking an average value of those
obtained for the nitro-diphenic acids) a half life period
of 45 hours at 200^0 is obtained. Thus even without the
expected increase in E, a non-exponential term of this type
would give the considerable increase in stability observed
in the unbridged compounds.
Bond bending will also be important in the
racémisation of tri-o-thymotide, which is found to have the
13*5 -1
* normal * A value of 10  ^ sec. and also in the racémisation
of XXIll(Luttringhaus and Eyring, Annal en, 1957, 604, 111)
which is found to have an activation energy in m-xylene
-1
solution of 28.4 kcal.mole . Calculation from their data
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IP♦3 ~1
gives an A value of 10 sec*
XXllI
C H A C
0
Optical stability of the 6-nitrodiphenic acids and their 
dimethyl esters in organic solvents.
‘The nitrodiphenic acids were found to he much more 
optically stable in organic solvents than were the ions in 
sodium carbonate solution. It was difficult to make any 
accurate estimates of the rate constants of racémisation 
since the acids had only very small solubility and in no 
case could an initial rotation of more than 0.25^ be 
obtained.. Approximate rate constants were determined of 
racémisation of 4,6'-dinitrodiphenic acid in boiling diethyl 
ketone(98*2^ ; k = 1 *37x10"^^sec."^^) and boiling cellosolve 
(132.6° ; k = 1.5 X lO'^sec. ) and boiling cyclo-hexanone
A
(140.0° ; k = 1.8x10 sec. ), but the results were not 
considered suitable for an activation energy determination.
However, the considerable increase in stability of 
the free acids over the ions seems surprising since the 
ionic centres would be expected to repel each other 
considerably so that it would be difficult for them to pass
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each other or to pass the slightly negative nitro group.
A factor which cannot apply to the ions, may be affecting 
the free acids; this is the possibility of dimérisation. 
Molecular weight determinations were carried out by the 
Hast method and the results given in table VIII show that 
in such solutions, the acids do exist as dimers.
Table VIII.'
Molecular weight determinations optained from depression of
the freezing point of (3-naphthol.
Acid M.W. M.W. of monomer.
Benzoic acid 246 122
Diphenic acid 440 242
6--Mitrodiphenic acid 560 28?
Dimérisation of these acids would certainly add 
considerable optical stability to the active forms. This 
may be a possible explanation of Adams and Kornblum’s 
observation of the faster rate of racémisation of the 
dicarboxylic acids XL in sodium hydroxide solution than 
in dioxan. (see p.9 )
The dimethyl ester of active 4,6'-dinitrodiphenic
0
acid was found to racemise in boiling butanol (117 ) wioh a 
half-life period of about 2 hours. This suggests that it is 
less stable than the acid in organic solvents, though i u 
is of a similar order of stability.
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Prediction of optical stability.
The data on the racémisation of compounds whose 
optical activity is dependent upon restriction of rotation, 
v/hich has become available since 1950 has increased 
considerably the possibility of predicting the approximate 
E and A values in cases which have not yet been determined.
It has already been noted that the bridged diphenyls 
and bridged compounds like tri-£-thymotide are found to 
have considerably higher A values than non-bridged diphenyls 
Furthermore, the non-bridged diphenyls have similar A values 
to the 6-methyl compounds of the N-benzoyl diphenylamine­
carboxylic acid series. It would seem probable that 
racémisations involving the restricted rotation of large, 
heavy groups where the restoring force to each libration 
is low, and where several groups may lose some rotational 
entropy in the transition state, would have low A values; 
whereas bridged molecules where racémisation involves the 
bending or stretching of bonds and where the groups have 
very little rotational entropy to lose, would have A values 
of the order of bond bending and stretching frequencies.
Using suci^onsiderations, it is possible go predict 
the order of magnitude of A which, combined witn predictions 
of E on purely steric grounds, enables a prediction of 
optical stability to be made.
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PART IV; 8YMTH2TIG ffOSK.
ÎT-Benzoyl 4,6,4'-tribromoâiphenylamine-2-carboxylic acid.
c.f. Jamieson and Turner, J., 1937, I9 5 4.
NHCoPk
COPL Cq^H C O P k
Methyl 3,^-hihromosallcylate*
Sodium acetate (4-8 g*, 2 mole.)was dissolved in 
glacial acetic acid [210 c.c.) and a solution of methyl 
salicylate (45 g*, 1 mol.) in acetic acid (150 c.c.) was 
added. The mixture was cooled and shaken vigorously while 
a solution of bromine (35 c.c., 2 .2 mois.) in glacial 
acetic acid (70 c.c.) was added slowly ±rom a tap funnel.
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Decolorisaoion. was rapid after each addition of bromine 
un oil the last drops were added. After standing for 
15 mins., the mixture was poured into water (1| litres) 
with stirring. The solid which separated was filtered off, 
washed with water and crystallised from alcohol. Methyl 
3 ,5-dibromosalicylate was obtained in colourless needles 
m.p. 154°. Yield 75 g.
Benz~£~broinoanilideiminochloride.
^-Bromobenzanilide was prepared by the Schotten- 
Baumann reaction from p-bromoaniline and was obtained in 
crystalline plates m.p. 204*^ .
£~Bromobenzanilide (52 g., 1 mol.) was mixed with 
phosphorus pentachloride (44 g., 1.125 mois.) and heated on 
a water bath under dry conditions until there was no further 
evolution of hydragen chloride and a clear liquid was 
obtained. The phosphorus oxychloride was distilled off 
in vacuo and the benz-£-bromoanilideiminochloride was 
distillj^ed at low pressure (b.p. 240°/40 m.m.) It 
solidified in the receiver to a yellow mass, [Yield 53 g& (96^ o)J 
and was used without further purification for the next stage.
2-Methoxycarbony 1-4 ,6-dibromopheny 1 M-4 ' -bromophenylbenzimidate.
The reaction was first carried out using 1.5 mois, 
of methyl 3 ,5—dibromosalicylate and 1 mol. of uhe 
iminochloride but an oil was obtained which was very difficult
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to crystallise and to free from the excess salicylate. The
product was obtained in a crystalline form more readily 
when equimolecular proportions were used.
Sodium (1*85 g-, 1.25 atoms) was dissolved in absolute
alcohol (75 c.c.) The solution was cooled and a suspension
of methyl dibromosalicylate (25 g., 1 mol.) in absolute 
alcohol (50 c.c.) was added followed by the iminochloride 
(23.5 g*, 1 mol.) dissolved in dry ether. The mixture was 
shaken and allowed to stand overnight. Most of the solvent 
was distilled off and the oil extracted with warm water.
The oil was obtained solid with difficulty and crystallised 
from alcohol. A second crystallisation gave m.p. 98-99^*
Chapman rearrangement of the imidate to give methyl M-benzoyl- 
4,8,4- tribromodiphenylamine-2—carboxylate.
The imidate was heated in a wide tube in a bath
kept at ca. 270°. The exothermic rearrangement occurred
and the temperature of the liquid rose above that of the 
bath. \Yhen the temperature fell again, the liquid was 
poured into about twice its volume of alcohol. The me ohyl 
ester separated on cooling in small prisms m.p. 139—140 
(Jamison and Turner give m.p. 138-139 )
Hydrolysis of the methyl ester.
Sodium (2.3 g.) was dissolved in absolute alcohol
(100 c.c.) and water (20 c.c.) was added. This solution was
designated solution and was used in the hydrolysis of uhe
loo.
methyl ester of N-benzoyl 4,6,4'-tribromodiphenylamine-Z- 
car'boxylic acid and in similar hydrolyses in this series.
Methyl ester (8.5 g., 1 mol.) was dissolved in 
absolute alcohol (45 c.c.) and solution (18 c.c. = 1 atom Ma) 
and v/ater (18 c.c.) was added. The solution was boiled under 
reflux for an hour. The alcohol was distilled off and the 
aqueous residue acidified with dilute hydrochloric acid.
The precipitated acid was filtered off and purified by 
dissolving in hot sodium bicarbonate solution, reprecipitating 
with dilute hydrochloric acid and extracting the precipitate 
with boiling water to remove any benzoic acid present.
The acid was crystallised from acetone-light 
petroleum (b.p. 40-60^) and was obtained in slender white 
prisms m.p. 217-218° in 90fo yield. [Ta.mison. and gi«
m.p. 2.17-218° 1
loi.
N Benzoyl o > 2 <iiiiie1;hyldxphenylaiiiine—2—carboxylic acid,
c.f. Jamison and Turner, J., I9 4 0, 264. 
A/Hi /VHCOPk
C o PL%  COPL
Benz-o-toluidide iminochloride.
The iminochloride was prepared from benz-o_~toluiàide 
(41 g*, 1 mol*) and phosphorus pentachloride (42 g*, l.lmol.) 
hy the method described on' p . 9 8 . The benz~£—toluidide
iminochloride distilled over at 222—224 /51 m*m.
Yield 42 g* (95^)
2-Meth/ioxycarbonyl-6-methylphenyl W ^2 '-methylphenylbenzimidate 
A solution of sodium (5.35 g., 1.25 atoms) in absolute 
alcohol (225 c.c.) was prepared. To this solution was added
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a solution of methyl o_-cresotate (30.5 g., 1 mol.) in 
alcohol (75 c.c.) followed by a solution of the iminochloride 
(42 g., 1 mol.) in dry ether. After shaking, the mixture 
was allowed to stand overnight after which most of the 
solvent was distilled off and the oil washed v/ith warm water. 
The oil solidified and was crystallised from alcohol and 
then from petroleum ether (b.p. 60-80^) giving prisms 
m.p. 70-71°. Yield 29 g. (45‘/0
Chapman rearrangement of the imidate.
The above imidate (29 g.) was rearranged by heating 
in a bath at 290^. The methyl ester crystallised from 
methanol in beautiful prisms * m*p. 115-116^ * Yield 26 g*
(90ÿo)
Hydrolysis of the methyl ester *
The above methyl ester (23 g*) was hydrolysed 
using alcoholic sodium hydroxide and was purified as 
described on p * 33 • The H—benzoyl o ,4 ' —dimetnyldiphenylamine' 
2-carboxylic acid crystallised from aqueous alcohol and, 
after drying in a vacuum at 100 over phosphorus pentoxide, 
had m.p * 185-186^. Yield 12 g. (55?^ )
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N~Benzoyl ^,4 ^ -dimethyldiphenylamine~2-car‘boxylic acid
IVHl1
^/HCOPk hj
s A
àV ^ u  ^
CHj ICHi
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^  &
< PL
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Benz-£~toluidideiminochloride.
The iminochloride was prepared by the method described 
on p. 98 using benz-£-toluidide (53 g., 1 mol.) and phosphorus 
pentachloride (61 g., L2mol.) The benz-£-toluidideimino- 
chloride distilled over at 208^/23 m#m. and solidified in 
the receiver as a yellow crystalline mass. Yield 56 g . (
Methyl o_-cresotate.
Thionyl chloride (224 g* = 136 c.c., 1.5 mois.) and 
benzene (136 c.c.) were heated under reflux on a water bath 
and o-cresotic acid (190 g., 1 mol.) was added gradually.
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Heating was continued until a clear solution was obtained 
and then the excess thionyl chloride was distilled off.
Methyl alcohol (125 c.c.) was then carefully added. After 
the vigorous reaction had ceased, excess alcohol was 
distilled off and the methyl o-cresotate distilled (129 g., 
b.p. 118-122^/1 9 .5 m.m. (62fo) Redistillation gave 107 g., 
b.p. 109- l l o V  15 m.m. (Yield 52^ o)
2-Methoxycarbony 1 -6-methyIpheny 1 H-4 ' -methylphenylbenzimidate.
A small scale preparation was first carried out 
using a solution of sodium (0.7 g., 1.25 atoms) in absolute 
alcohol (30 c.c.) To this was added a solution of methyl 
£-cresotate (4.2 g., 1 mol.) in alcohol (10 'c.c.) and a 
solution of benz-£-toluidide iminochloride (4.7 g., 1 mol.) 
in dry ether. The mixture was shaken and allowed to stand 
overnight. ■ liost of the solvent was then distilled off and 
the oil obtained was extracted thoroughly with warm water.
A small portion of the oil was dissolved in hot 
alcohol but on cooling an oil again separated. On standing 
over the weekend, several crystals formed in this portion 
and on stirring, all the oil crystallised and the main 
portion of oil then crystallised from alcohol on seeding.
The reaction was then carried out using 37 g . • of 
methyl o-cresotate and 51 g. 0^ benz-£-toluidideiiainochloride.
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'The imidate crystallised from alcohol in prisms and was 
crystallised to constant m.p. 100-101° (Yield 35 44.;^)
(Found: G, 77.0; H,6.0; N, 3.85. ^23^21^3^^ requires
0 , 76.85; H, 5.9; 3.9;^ )
Chapman rearrangement of the imidate.
The imidate (33 g.) was rearranged by heating in a 
bath at 270^. The exothermic rearrangement occurred and the 
temperature of the liquid rose to 20° above that of the bath. 
After cooling, the liquid was poured into twice its volume 
of methanol and the ester crystallised on cooling. Re­
crystallisation from methanol gave the ester m.p. 122°.
Yield 23 g. (70^ )^ (Found: C, 76.3; H, 5.7; H, 3.7.
^23^ 21^3^^ requires 0, 76.85; E, 5.9; N, 3.9^ )^
Hydrolysis of the methyl ester.
The methyl ester was hydrolysed using alcoholic 
sodium hydroxide as described on p. 99 . After purification
and drying over phosphorus pentoxide in a vacuum desiccator 
at 100^, H-benzoyl 6,4"-dimethyldiphenylamine-2-carboxylic 
acid was obtained m.p. 158-159^. (Yield 98fo.)
(Fou&d: 0, 76.5; H, 5.53; E, 4.1. requires
C, 76.5; H, 5.56; N, 4.1^ b)
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6-Fitro~, 4 5 6 ’-^linitro-, and 4 ,6 ,4 ^ -trinitrodijphenic acids.
The nitrodiphenic acids used in this work were 
prepared from phenanthraquinone. Owing to the high cost of 
this starting material, an alternative method was also tried 
involving a mixed Ullmann reaction.
Methyl 2-iodohenzoate and methyl 2-hromo-3-nitrohenzoate 
were heated together with copper bronze. Both the mixed 
esters and the mixed acids proved so difficult to separate 
completely that the method was discarded in favour of the 
synthesis from phenanthra quinone.
Reaction scheme.
Co-coCO-CO
«0,
0, C C0j\
CO-CO
v-A/Oj.
(fojc
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Kononitration of phenanthraquinone. (Schmidt and Spoun, Ber.,
1922, 55, 1194. )
0-co Co-co
Phenanthraquinone (120 g.) was nitrated in four 
hatches hy boiling with concentrated nitric acid (d. 1*42) 
(3,600 c.c.) for twenty minutes. The cool reaction mixture 
was poured into ca. 10 litres of ice-water. The product was 
filtered off, washed with water, dried and boiled with 2 litres 
of alcohol. The insoluble 2-nitrophenanthraquinone was 
filtered off (82 g. (56ÿQ crude m.p. 250-259°). The filtrate 
was then allowed to cool, when a little of a mixture of 
2- and 4-nitrophenanthraquinone was obtained and was rejected.
The filtrate was then concentrated to about 1 litre 
and on codling 41 g. (28fo) of 4-nitrophenanthraquinone 
m.p. 168-170° was obtained. This was recrystallised.tv/ice 
from glacial acetic acid and 32 g. m.p. 172-175^ was obtained.
Preparation of 6-Iiitrodiphenic acid by oxidation of 4-ni uro- 
phenanthraquinone.
4-iIitrophenanthraquinone (12 g.) was ooiled under 
reflux for an hour v\^ ith a solution of 33 g # potassium 
dichromate and 30 c.c. concentrated sulphuric acid in 450 c.c. 
water. After cooling, the product was filtered off, \/ashed 
with water and purified by dissolving in dilute ammonium
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hydroxide. On acidification with dilute sulphuric acid, 
6-nitrodiphenic acid crystallised out from the hot acid 
solution. The product crystallised from aqueous alcohol in 
white plates. Yield 10 g. (7#ô) m.p. 249-250°.
I
Mononitration of 2-nitrophenanthraquinone. Christie, J., 1926,
674.
2-Nitrophenanthraquinone (130 g.) was nitrated in 
five hatches hy boiling in an oil bath at 140° for 30 minutes 
with 1700 c.c. fuming nitric acid and 220 c.c. concentrated 
sulphuric acid. The cool reaction mixture was poured on to 
about 2 litres of ice. The product was filtered off, washed 
with water, dried and crystallised from about 16 litres of 
glacial acetic acid and 96 g. (63^) of 2 ,7-dinitrophenanthra­
quinone m.p. 302-303  ^ was obtained„
4,4 ^-linitrodiphenic acid.
2 ,7-Dinitrophenanthraquinone (18 g.) was boiled 
under a reflux condenser with a solution of 60 g. potassium 
dichromate in 54 c.c. concentrated sulphuric acid and 780 c.c. 
water for an hour. The product was dissolved in dilute 
ammonium hydroxide and precipitated with dilute sulphuric acid. 
1 5 0. ( 75/0) 4 ,4 ' —dini trodiphenic acid crystallised from uhe hot 
solution as hexagonal plates m.p. 245-247° and was recrystallised 
twice from aqueous alcohol giving 10 g. m.p* 257-258o
109.
Dinitration of phenanthraquinone. (Schmidt and Kampf, Ber.,
1 9 0 3, 35, 3738 and 3745) 
Nitration of phenanthraquinone (15 g.) using 200 c.c. 
fuming nitric acid and 25 c.c. concentrated sulphuric acid at 
130-150  ^ for 30 minutes, gave 10 g. of 2 ,7-dinitrophenanthra­
quinone but no pure 2,5-dinitrophenanthraquinone was obtained.
Nitration using fuming nitric acid alone was found to 
give the 2,5-dinitrophenanthraquinone in reasonable yield in 
addition to the 2,7-dinitrophenanthraquinone.
Phenanthraquinone (30 g.) was boiled at 130° with 
300 c.c. fuming nitric acid for 30 minutes. The cool reaction 
mixture was poured into ca. 1500c.c. ice-water and the washed 
and dried product crystallised from 7 litres of glacial acetic 
acid giving 20 g. (57^ o) of 2,7-dini trophenanthraquinone m.p. 
303-304° and, on concentration of the filtrate, 16 g. (27^) 
of 2,5—dinitrophenanthraquinone m.p_ 214-218° which was 
recrystallised twice from glacial acetic acid and 12 g. m.p. 
217—218° was obtained.
Oxidation of 2,5-dinitrophenanthraquinone.
2 ,5-Dinitrophenanthraquinone (11 g.) was boiled with 
a solution of 40 g. potassium dichromate in 35 c*c. concentrated 
sulphuric acid and 500 c.c. water. The reaction mixture was 
worked up as before and the product crystallised from aqueous 
alcohol. Yield 10 g. (83^) m.p. 303-305^.
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2,5,7-trinitrophenanthraquinone.
Attempts at dinitration of 2-nitrophenanthraquinone 
were unsuccessful and the trinitro- compound was finally 
prepared from 2,7-dinitrophenanthraquinone.
Nitration of 2,7-dinitrophenanthraquinone.
2 .7-Dinitrophenanthraquinone (53 g.) was nitrated in 
four batches by boiling with a mixture of 170 c.c. concentrated 
sulphuric acid and 170 c.c. fuming nitric acid at 120^ for
ten hours. The cool reaction mixture was poured on to ice
and the product was washed, dried and crystallised from benzene
giving 27 g. (44ÿO m.p. 204-205^. Neutralisation of the
0
acid solution gave a further 4 g. m.p. 201-203 .
4,6,4 *-Trinitrodiphenic acid.
2.5.7-Trinitrophenanthraquinone (21 g.) was boiled with 
a solution of 80 g. potassium dichromate in 74 c.c. concentrated 
sulphuric acid and 530 c.c water for one hour. The reaction 
mixture was worked up as before. In a trial preparation, 
precipitation with dilute sulphuric acid gave a product which 
was slightly oily at first but rapidly became a white solid 
m.p. 289-295  ^ and in subsequent preparations it was always 
obtained as a solid. The product was crystallised from 
aqueous alcohol. Yield 16 g. (lOfo) m.p. 296-297 .
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Attempted optical activation of 4,4 *-dinitrodiphenic acid.
Kuhn and Albrecht, Annalen, 1927, 455, 272.
4,4'-Dinitrodiphenic acid (0.66 g., 1 mol.) was
dissolved in hot absolute ethanol (15 c.c) and anhydrous
quinine (1.30 g . , 2 mol.) was dissolved in hot ethanol (20 c.c.)
The solutions were filtered and mixed. A salt crystallised
out rapidly from the hot solution, giving 1.8 g. (93fo) of
quinine normal salt m.p. 223-225^.
0 .0 8 0 . of salt dissolved rapidly in 20 c.c. of solvent X 
0
at 0.6 and readings were begun 2.5 minutes after dissolution 
but no mutarotation was observed. The constant rotation
r -,0.60 Q
of the quinine salt was La.Jr-. + 112.5 . This rotation is
5461 PQÛ
very different from the rotation of quinine itself ( [o,]^^g^-200°) 
but this phenomenon was also observed in the quinine salts 
of m—nitrobenzoic and other acids where there was no 
possibility of optical activation. (Kharasch, Senior, Stranger 
and Ohenicek, Atti., R. Accad. Dincei., 1932, 1^, 968) .
The rotation of the quinine salt of 4,4'-dinitrodiphenic 
acid showed an appreciable temperature coefficient, readings
ranging from + 10.5° to ^  4-9.6^ (l=-2, c=4.65) in
54ol 5461
solvent X, though this is approximately half that shown by 
the quinine salt of diphenic acid itself. (Lesslie, Turner 
and Winton, J . , 1941, 257).
Addition of 4,4'-dinitrodiphenic acid to a solution 
of the quinine normal salt in solvent X gave little change in
112
rotation after equimolecular proportions had been reached. 
Decomposition of the quinine normal salt by dissolving in 
ice-cold anhydrous formic acid and precipitating with 
dilute hydrochloric acid gave inactive dinitrodiphenic acid.
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Attempted synthetic routes to unsymmetrical
chlorodiphenic acids.
An attempt was made to prepare the chlorodiphenic
acids with chlorine replacing the nitro—groups in the
series of nitro-diphenic acids studied optically. A
possible route from the corresponding nitrophenanthraquinone
was attempted e.g. from 4-nitrophenanthraquinone:-
JVH. yCd
'CO-CO bo-db "co-co
A trial synthesis was made using 2-nitrophenanthraquinone.
Reduction using sodium hydrosulphide or sodium dithionite
<j^non€
followed by aeration of the hydroquinone gave aminophenanthraj^e 
and replacement of the amino- group by chlorine using 
Sandmeyer'8 method, proceeded smoothly. However, reduction 
of the 4-nitro-isomer by either method gave only a poor 
yield of the amine. S.R.Ridgwell (unpublished work) also 
had difficulty with this and it was therefore decided to 
try reduction of the corresponding dimethylnitrodinhenates:-
c'o^cHj HiC05
Dimethyl 6-nitrodiphenate in methyl alcoholic solution was
reduced catalytically using a platinum oxide catalyst and 
an initial hydrogen pressure of 95 Ibs./sq.in. After 
removing the catalyst and most of the solvent, white needles.
0m.p. 258—259 were obtained, which did not darken on standing.
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This substance dissolved in hot, concentrated hydrochloric 
acid and crystallised out in the cold in the same 
crystalline form and with melting point unchanged. This 
substance was insoluble in water even on boiling. It was 
suspended in water and concentrated ammonia solution was 
added. The solid was crystallised from methanol and gave 
white needles m.p. 258-259°.
Round: C, 70.7; H, 4.3; N, 5.5.
// \\ J) ^  requires C, 67.4; H, 5.3; N, 4.9
requires 0, 71.1; E, 4.3; N, 5.5^
rO
The absence of a free amino- group and the analysis result 
led to the conclusion that the lactam had been formed.
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2-Kitro—6-carboxy..-2 ^ -n—butoxydiphenyl.
Li and Adams (1935, loo. cit.) prepared five members 
of a series of 2-nitro-6-carboxy-2’-alkoxydiphenyls. They 
were able to obtain the methoxy-, ethoxy- and n-propoxy- 
derivatives in optically active forms by crystallisation 
of the brucine salts from absolute ethanol. They deter­
mined the activation energy for the racémisation of each 
acid in alcohol and found that it was approximately the 
same for all three acids, while the ratio of the half-life 
periods for the racémisation is approximately 1:5:7, which 
indicated that the change in the alkoxy- group was affecting 
only the non-exponential term. Li and Adams had prepared 
the n-butoxy— and n—pentoxy- derivatives but were unable to 
obtain any crystalline salts of these compounds from a 
variety of alkaloids. It was decided to repeat the 
preparation of the n-butoxy- compound and attempt its optical 
activation.
Synthetic route:- c.f. Li and Adams, J. Amer. Chem. Soc.,1935,
rv/o,
Ô 6OH
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o^-Nitro-n-butoxybenzene. (Organic Syntheses, Coll. Vol. Ill,
p.14-0)
2-Nitrophenol (70 g., 0.5 Mole.), n-butyl bromide
(75 g., 0.53 Mole.), anhydrous potassium carbonate (70 g . ,
0.5 Mole.) and dry acetone (500 c.c.) were heated under
reflux on a water bath for 48 hours with shaking at the
beginning. The acetone was then distilled off and.water
(400 c.c.) added to the residue. The product was extracted
with two 200 c.c. portions of benzene and the combined
benzene extracts washed with three 200 c.c. portions of
lOÿo sodium hydroxide solution. After drying, the benzene
was distilled off and the product distilled under reduced
pressure, b.p. 153-154^/12 rn.m. Yield 80 g. (82ÿb) 
pnO p^o
Hp 1.5275 (Li and Adams give n^ 1.5274).
/
Reduction to _o-amino-n-butoxybenzene.
The o_-nitro-n-butoxybenzene (80 g. ) was catalytic ally 
reduced in three batches. The nitro-compound was dissolved 
in absolute alcohol and reduced using * platinum oxide * 
catalyst and an initial hydrogen pressure of about 96 Ibs./sq. 
in. Reduction proceeded rapidly and was complete in little 
more than 30 mins.
The catalyst was filtered off and the alcohol 
removed by distillation. The product was vacuum distilled
2Q 0
b.p. 127-129°/i3 m.m. Yield 63 g. (93/») 1.533 (Li and
Adams give 1.534.) Eedistillation did not affect the
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refractive index.
The product was further purified by preparing and 
crystallising the hydrochloride (m.p. 150-152^). The 
hydrochloride was washed with ether, then suspended in a 
little water and the amine liberated with ammonium 
hydroxide. The amine was extracted with ether and the 
ethereal extracts washed with water and dried over anhydrous 
sodium sulphate. The amine was vacuum distilled 
b.p. 138-139 /19 m.m. and the refractive index was unchanged 
1.533.
2-Iodo—n-butoxybenzene.
The £-amino-n-butoxybenzene (54 g., 1 mol.) was 
dissolved in 10/ sulphuric acid (500 c .c .= 2.5 mois.) The 
mixture was cooled to 0*^  to -5^ with stirring and sodium 
nitrite (25 g . 1 el mois.) in the smallest possible amount 
of water was slowly added keeping the temperature at about 
0^. After all the nitrite had been added, the mixture was 
allowed to stand in the ice-salt bath with constant stirring 
for J- hour and then it was added to a solution of potassium 
iodide (110 g., 2 mois.) in dilute sulphuric acid (350 c.c.). 
A vigorous reaction occurred and a dark oil separated and 
the mixture was allowed to stand over the weekend. The oil 
was extracted with chloroform and the chloroform extracts 
washed three times with 10/ sodium hydroxide solution and 
then with water. The chloroform solution was dried over
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anhydrous sodium sulphate and then the chloroform removed
by distillation. The iodo-compound was vacuum distilled.
Yield 78 g. (86-/Ô) . B,p. 127-131°/9.5 m.m. 1.569.
20^
(Li and Adams give n^ 1.5699.)
Redistillation gave 73 g. b.p. 131-134^10.5 m.m. n^^ 1.569.
Anhydro-2-hydroxymercuii’o-3-nitrobenzoic acid.
Organic Syntheses, Coll. Vol. I, P.56.
Sodium hydroxide (80 g., 2 Moles.) was dissolved in 
water (800 c.c.) and to the warm solution was added
3-nitrophthalic acid (211 g., 1 Mole.) and the solution 
filtered while hot. Mercuric acetate (350 g . , 1.1 Mole.) 
was dissolved in a mixture of glacial acetic acid (50 c.c.) 
and water (700 c.c.) and the solution filtered while hot.
The two hot solutions were poured into a 4 litre flask 
fitted with a condenser and a tube leading to a large beaker 
on the bench to catch any material carried over if the reaction 
were too violent at the beginning. The flask was heated in 
a large electric mantle with the outside temperature raised 
to about ,170^ over an hour and kept at 170*^ for a further 
50 hours after which time the evolution of carbon dioxide 
was very slow.
The product was allowed to settle and the hot, 
supernatant liquid was poured through a preheated suction 
filter. The product in the flask was shaken with several 
100 c.c. portions of water and all the product transferred
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to the filter. The water was drained off and the suction
removed and the product washed on the filter with 100 c.c. 
of alcohol. The product was drained thoroughly and the 
almost dry mercury compound was used for the next stage.
2-Brono-3-nitrohenzoic acid.
A solution of sodium hydroxide (50 g . , 1.25 Moles.) 
in water (1^ litres) was heated to gentle boiling and to 
this the crude mercury compound (ca. 0.9 Mole.) was slowly 
added stirring after each addition. The solution was then 
heated to boiling and stirred vigorously. Concentrated 
hydrochloric acid (101 g., 0.95 Moles.) was then Éowly added 
by means of a long-stemmed separating funnel reaching just 
below the level of the liquid, the solution being stirred 
vigorously throughout the addition. The heating was then 
discontinued and glacial acetic acid (31*5 g * , 0.5 Mole.) 
was added slowly and a curdy white precipitate was formed.
A solution of bromine (160 g . , 1 Mole.) and sodium 
bromide (103 g * , 1 Mole.) in water (150 c.c.) was added to 
the stirred solution at such a rate that the orange colour 
of the solution was kept fairly constant and so that the 
bromine reacted without volatilising out of the condenser. 
After all the bromine had been added the temperature was 
slowly raised to boiling point and a cream-coloured solution 
was obtained.
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The solution was cooled a little and v/as then made 
slightly alkaline by the addition of solid sodium hydroxide 
(20 g . , 0.5 Mole.) It was then filtered through a 
pre-heated Buchner funnel and the filtrate was made acid 
to Congo Red using concentrated hydrochloric acid (150 c.c.) 
The precipitated acid was filtered off and crystallised 
twice from aqueous alcohol. Yield 154 g* (62/) m.p.185-187^.
Estérification of 2-bromo-3-nitrobenzoic acid.
The 2-bromo-3-nitrobenzoic acid (154 g.) was boiled 
under reflux for 6 hours with methanol (1250 c.c.) and 
concentrated sulphuric acid (43 c.c.) On cooling .the
solution, some of the methyl ester separated and was 
filtered, washed with cold methanol and on crystallisation 
from methanol gave 59 g. m.p. 78-79^. Most of the 
ester remaining in the filtrate was isolated by pouring 
the alcoholic solution into about 5 litres of ice-water.
The precipitated ester on crystallisation had m.p.77-78^.
Total yield 133 g* (82/)
Unsymmetrical Ullmann reaction.
Methyl 2-bromo-3-nitrobenzoate (16 g., 1 mol.) and 
£-butoxyiodobenzene (32.5 g., 2 mois.) were heated together 
in a metal bath at 210-220^. Copper powder (50 g.) was 
added in small portions at such a rate that the temperature 
of the liquid remained 'below 230°. The addition took about
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30 mins, and then the temperature was raised to 230° for 
a further hour.
The product was extracted with boiling alcohol 
(ca. 450 c.c.) Approximately half the alcohol was then 
distilled off and 10/ sodium carbonate solution (300 c.c.) 
was added and the mixture refluxed on a water bath for 
6 hours.
The mixture was allowed to cool and the 
unsaponified oil v/as separated and the aqueous layer 
acidified slov/ly with dilute hydrochloric acid. A brown 
oil separated which solidified on standing. The solid was 
dissolved in 10/ sodium carbonate solution, boiled with 
charcoal and acidified with dilute hydrochloric acid. The 
precipitated acid was extracted with hot benzene (300 c.c.) 
in about 6 portions.
It was found that the benzene-insoluble material 
was 6,6 ^ -dinitrodiphenic acid and that the benzene solution 
contained the butoxy acid. (Li and Adams reported that the 
benzene extracted the dinitrodiphenic acid and left crude 
alkoxy acid). On removing most of the benzene by 
distillation, crude butoxy acid crystallised out. On 
crystallisation from benzene, it yielded 4.6 g. (23/) 
m.p. 114-115^. Crystallisation from aqueous alcohol gave 
3.6 g. m.p. 119-120^. (Li and Adams give m.p. 117-119°).
* Salts’ of this acid v/ith alkaloids have, up 
to the time of writing, failed to crystallise.
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456. Unstable Optical A ctivity in the ^-Benzoyldiphenylamine-2- 
carboxylic Acid Series, Part F.*
By J e a n  W. B r o o k s , M a r g a r e t  M. H a r r is , and K. E. H o w l e t t .
T h e  op tica l s tab ilities  of som e su b s titu te d  iV '-benzoyldiphenylam ine-2- 
carboxylic  acids a re  discussed from  th e  v iew poin t of new ly determ ined  
racém isation  velocity  co n stan ts  and  of E , A ,  an d  A5Î values.
M u c h  evidence ^ 2,3 supports a certain sequence of optical stabilities in the series of 
substituted N-benzoyldiphenylaminecarboxylic acids (I) |  which owe their optical activity 
to restriction of rotation about one, or perhaps two, carbon-nitrogen bonds. The velocity 
constants for racémisation of six such acids (the more optically stable) were measured at 
20° in chloroform containing 2-5% of ethanol ; ® we now report the measurement of 
racémisation velocity constants for four more acids (the less optically stable) under identical 
conditions of solvent and concentration, so that the optical stabilities of ten acids closely 
related structurally can now be strictly compared at one temperature (Table 1).
T a b l e  1. Racémisation velocity constants k {minr^) for substituted ^-henzoyldiphenyl- 
amine-l-carboxylic acids, A at 20° in CHClg-2'5% EtOH and B at 9-9° in CHCI3.
Acid 4 6 2' 4' A (v4) A(B) 4  {A) (min.) t}, {B) (min.)
(la) — Me — — 0 72 0-146 0-96 4-7
(16) — Me Me — 0 61 — 1-1 —
{la) Br Br — — 0 50 — 1-4 —
{Id) Br Br — Br 0 44 — 1-6 —
{le) — Me F ---- 0-214 (0-209 *) — 3-2 —
(I/) — Me Cl Me 0-166 (0-167 *) — 4-2 —
(Ig) — Me Cl — 0-147 * — 4-7 —
(1/q — Me Br — 0-119 (0-115 *) — 5-8 —
(iq — Me Cl Cl 0-0929 * — 7-5 —
(If) — Me Cl Br 0-0862 * — 8-0 —
{Ik) — Me — Me — 0-158 — 4-4
* See ref. 3.
These four acids, too unstable for resolution, were obtained optically active by crystal­
lisation of alkaloidal salts in which a single diastereoisomer separated in approximately 
100% yield (second-order asymmetric transformation). Yet another acid, iV-benzoyl- 
6 : 4'-dimethyldiphenylamine-2-carboxylic acid (I/e), could not be obtained active in this 
way as none of its* alkaloidal salts crystallised. However, a chloroform solution of the 
(—)-acid was prepared by asymmetric transformation in solution (first-order) in presence 
of cinchonidine : the alkaloid was then removed by washing with hydrochloric acid, and 
the remaining chloroform solution washed, dried, and used immediately for determination 
of the racémisation rate. Thus a velocity constant in chloroform was obtained which 
could be compared with one, measured also under these enforced conditions, for V-benzoyl- 
6-methyldiphenylamine-2-carboxylic acid {la). The predicted order of optical stabilities  ^
has been upheld. Acid [la] was not previously known as an optically active solid, although 
the active acid had been obtained in solution.
Racémisation velocity constants still form the most widely used criterion for comparing 
optical stabilities; in this work they provide a series of values which, in a roughly 
qualitative way, accords with predictions based on the bulk and inductive effects of groups 
substituted in a common skeleton. Any group added to the skeleton may change the 
racémisation rate in three ways : by direct electrical effects, by transmitted electrical 
effects, or, if it is suitably placed, sterically. It was at first somewhat surprising that 
there was so little difference between the velocity constants of racémisation of the 6-methyl-
* P arts  I—IV. 1938, 1646; 1940, 264; 1955, 145, 4152.
t  Correction : In P a rt IV, formula (111) (p. 4153), the R  which appears in position 4 should read R '.
and the 6 : 2'-dimethyl-acid (la) and (16). The experimental results could be explained, 
to some extent at least, if addition of the second (2') methyl group in the 6 : 2'-dimethyl- 
acid (16) had opposing influences on the optical stability : the bulk of the methyl group 
increasing it and the electron-releasing power decreasing it (see ref. 3). The 6 : 4'-dimethyl- 
acid (I^) was synthesised to test this hypothesis ; here the bulk effect of the methyl group 
is removed from the sphere of hindrance but its electrical effect remains the same as in 
the 6 : 2'-dimethyl-acid (16). Acid (I/e) proved to be slightly but definitely less stable 
than the 6-monomethyl-acid (la) at 9-9°; therefore the remote methyl group exercises 
an accelerating influence on the racémisation. It should be noted in comparison that 
the 2'-fluoro-6-methyl-acid (le) is much more stable optically than the 6 : 2'-dimethyl-acid 
(16) in spite of the fact that the van der Waals radii of the fluorine atom and the methyl 
group are respectively I 35 and 2 05 Â ;  ^ in the 2'-fluoro-6-methyl-acid (Ig) both the steric 
and the electrical influences of the fluorine atom appear to be decelerating relative to 
hydrogen.
The Arrhenius parameters E and A have been measured ® for the racémisation of a 
variety of compounds owing their optical activity to restriction of rotation. Comparisons 
between the values so determined have not been entirely satisfactory ® owing, partly, 
to the diversity of structure in the compounds concerned and also to the different solvents 
and other conditions used in determining the necessary velocity constants of racémisation. 
As a preliminary experimental approach, racémisation velocities have been measured 
over a range of temperatures and E, A, and the entropies of activation A5Î (Table 2) have 
been calculated for the five substituted acids, 6-methyl-, 4 : 6-dibromo-, 2'-fluoro-6-methyl-, 
2'-chloro-6 : 4'-dimethyl-, and2'-bromo-6-methyl- (la, c, e , /a n d  h), in chloroform contain­
ing 2*5% of ethanol ; two other sets of determinations for the 4 : 6 :  4'-tribromo- (M) and 
the 2'-chloro-6-methy 1-acid (Ig), were made in different solvents.
T a ble  2. Velocity constants, Arrhenius parameters, and entropy factors for
racémisation.
i m  E  (kcal. A A5Î
Acid (sec.-p Temp. mole“P (sec.“i) (e.u.)
Solvent : Chloroform containing 2-5% of 
ethanol (by volume).
(i/q
102^ 
Acid (sec."i] 
Solvent :
(la)
E  (kcal. A ASi
Temp, mole-1) (sec.-i) (e.u.j
Chloroform containing 2-5% of 
ethanol (by volume).
{Ic)
{le)
(I/)
1-20 20-0
0-660 13-8
0-327 6-9
0-162 0-6
0-833 20-0
0-288 10-8
0-0858 1-0
0-0817 0-6
0-663 27-4
0-357 20-0
0-109 6-9
0-654 29-8
0-277 20-0
0-108 10-2
0-0410 0-7
16 2
19*3
149
15-7
IQioi - 1 4 T
10120 -  4 1
1Q8 6 —20 9
1091 -1 8 -6
0-601 32-0° ■
0-562 31-8
0-198 20-0 ► 16-4 10» 5 -1 6 -9
0-0795 10-8
0-0274 0-6
Solvent : E thanol
0-448 “ 17-7 1
0-185 9-5 L 18.7 1012-2 -  6-9
0-0603 0-65 I1
(M)
Solvent : Chloroform containing 6-9% of 
ethanol (by volume).
(Ig) 0-483 * 25-4
0-308 20-6 16-6 10» ? - 1 5  4
0-0738 6-3
“ See ref. 1. * Potter, Thesis, London, 1953.
The range of temperature employed in the determination of E is to a large extent 
dictated by the rapidity of racémisation at the higher temperatures and by the solubility 
(including the rate of dissolution) at the lower ones. Chloroform containing 2*5% of ethanol 
by volume has been the most generally useful solvent for the present series of acids.
The racémisation velocity constants k  are calculated from k  — {I ft) In (a^/aj ; as there 
is no asymmetric influence present, a rate constant, measured for racémisation, is twice 
the rate constant for inversion of configuration, the physical process occurring on the
molecular scale. In Fig. 1 logjo/e is plotted against the reciprocal of the absolute tem­
perature : the relation is closely linear. AS+ is calculated from the formula (see Appendix)
k =  Ke{kTIJi) exp (ASÎ//Î — EjRT)
in which E is the experimentally determined energy of activation; the transmission 
coefficient k  has been assumed to be unity.
Fig. 1. A rrhenius plots for racémisation of substituted 'R-henzoyldiphenylamiyie-2-carhoxylic acids.
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The plots for Id  and have been displaced 0 7 unit lower on the log^ k scale.
It is immediately apparent that arguments based on racémisation velocity constants 
measured at one temperature may lead to different conclusions from those based on E  
values for racémisation. One can speak of either the 6-methyl- (la) or the 2'-fluoro-6- 
niethyl-acid (Ig), for example, as the more optically stable of the two according to which 
criterion is used.
Scrutiny of the E, A,  and ASî values (Table 2) shows that the acids fall into two 
groups : (I) Those with a 6-methyl substituent have rate equations of racémisation whose 
energies of activation are 14-9—16 6 kcal. mole" ,^ A factors 10  ^®—10^ ®'^  sec.“^ , and 
entropies of activation — 14T to —20*9 e.u. (2) Those with a 6-bromo-substituent have 
the values, respectively, 18*7 and 19 3 kcal. mole" ,^ 10^ ^  ^ and 10^^ ,^ —4T and —6 9 e.u. 
The grouping of these figures is compatible with the view that among the various acids 
so far examined it is the resistance to relative rotation about bond {a) [see (I)] which is 
responsible for optical stability.
There are, of course, two paths by which a rotation about bond {a) might take place ; 
the benzoyl group might pass the carboxylic acid group in position 2 (II) or, alternatively, 
it might pass the substituent in position 6 (III). If position 6 carries hydrogen only, the
optical stability is very slight indeed and mutarotation is not detectable at room tem­
peratures, even when ring a carries a chlorine atom or a methyl group in an o^/Ao-position. 
[Interference with rotation will be less than appears in formulæ (II) and (III) ; for example 
the plane of ring a in the passing position probably lies roughly perpendicular to the plane
CO,H
CO PH
(I ; fo r key see Table I)
HOiCfT HO,Cr^
(III)
of ring B.] It is probable that structure (III) represents the most favourable passing 
position for the 6-methyl compounds studied, since the ^ C = 0  group would, presumably, 
avoid passing the similarly negative “COgH group ; Hall, Ridgwell and Turner ® have 
summarised evidence which indicates that polar repulsions between two suitably placed 
carboxylic acid groups can exert a strongly accelerating influence on a diphenyl-type 
racémisation. The repulsive force envisaged in the present case would be smaller, but 
probably large enough to determine which of two alternative paths should be followed.
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2. The grouping of the energies and 
entropies of activation.
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The variations of ASt appear to make a positive contribution to the interpretation of 
of the optical stabilities. First, the grouping (Fig. 2) suggests a difference between the 
4 : 6-di- and the 4 : 6 :  4'-tri-bromo-acids (Ic) and [Id) and the others ; reference to models, 
and the high values of the energies of activation, support the possibility that the alternative 
passing position [represented by (II), but with bromine in place of methyl] might be used 
in these two cases. Secondly, as Cagle and Eyring have pointed out in discussing the 
optical stability of another type of compound showing restriction of rotation, high negative 
values of A5t would be expected when the transition state for racémisation is an improbable 
arrangement of the molecule. Foster, Cope, and Daniels,^® studying the rearrangement 
of a-cyc/ohex-l-enylallylmalononitrile to 2-allylcyc/ohexylidenemalononitrile by following 
the change in refractive index, found a fairly large negative entropy of activation and 
attributed it to the complicated and improbable shape which the molecule must attain 
for the rearrangement to take place. Models of the molecules now under discussion 
show that rings A and B not only must each take up favourable positions but their move­
ments must also be synchronised for rotation about bond {a) to occur. Such synchronis­
ation should be easier in the 6-methyl- (la), 4 : 6-dibromo- (Ic), and 4 : 6 :  4'-tribromo-
acids (W) because ring a  is both unsubstituted in the o/^Ao-positions and axially
symmetrical ; the bromo-acids (Ic) and (M) have the small negative ASi values already
noted, while the methyl-acid fVa) has the smallest negative value of all the 6-methyl-acids 
so far investigated. An o/^Ao-substituent in the ring a, i.e., in the 2'-fluoro-, 2'-chloro-, 
and 2'-bromo-6-methyl-acids (Ic, If, Ih, and Ig), will, both by its bulk and by its polar 
attractions and repulsions, lower the number of ways of attaining the transition state 
and will cramp movement in it. Restriction of oscillation and rotation in the activated 
state would be expected to be accompanied by a relatively high negative value of AS* and 
such is found to be the case.
Further, within the set of acids 6-methyl- (la), 2'-fluoro-6-methyl- (Ic), 2'-chloro- 
6 : 4'-dimethyl- {If), 2'-bromo-6-methyl- {Ih), and 2'-chloro-6-methyl- (Ig), there may be 
additional rigidity of the transition state arising from polar interactions between the 
carbonyl and the 6-methyl groups (III). This effect, which would also enhance the 
negative value of ASt, is absent in the di- and tri-bromo-acids (Ic) and (Id), which have 
much smaller negative values for ASk
A possibility which should be considered is that of 7r-hydrogen bonding between the
phenyl group and the methyl group which could become operative if structure (II) 
represented the passing position. Comparison of the A5t values for the 6-methyl- and 
the 2'-fluoro-6-methyl-acid (la) and (Ic), in which ring A of (la) should be the better electron 
donor, makes this possibility seem unlikely. The values for the di- and tri-bromo-acids 
(Ic) and {Id) are too close for valid comparison with each other, particularly as they are 
derived from measurements in different solvents.
In the development of arguments concerning intramolecular attractions of the hydrogen- 
bonding type a clear differentiation must be kept between bonds which might stabilise 
the (+ )- and the (—)-form and those which would add rigidity to the transition complex. 
The former would lead to a decrease in the value of the racémisation velocity constant 
in the manner indicated by Jaffe, Freedman, and Doak,^^ unless they held the molecule 
close to the passing position thus overcoming some of the group repulsion ; this effect has 
already been noted where formal bonds are concerned.® Hydrogen bonding which 
operates in the transition state and not (or with diminished strength) in the two inter­
convertible forms will become apparent in the AS+ values. A study of the effect of 
solvent in r^acem., F, A, and ASt, on which preliminary experiments have already been 
made, should throw light on this. Chloroform, for example, might be expected to allow 
the greater freedom for intramolecular bonding, while ethanol would compete with the 
substrate and break down internal bonds in both the normal and the transition states.
E x p e r im e n t a l
All measurements of rotation, were made in a 2-dm. jacketed tube thermostatically
controlled. “ Solvent X  " is chloroform containing 2 - 5 %  of ethanol by volume.
~N-BenzoyTQ : i'-dim ethyldiphenylam ine-2-carhoxylic  A c id .— This acid was prepared by the 
general method 1,2 involving the Chapman rearrangement of the corresponding imidate. 
(a) 2-M ethoxy carhonyl-Q-methylphenyl f^A '-m ethylphenylhenzim idate  was crystallised from 
ethanol, and had m. p. 100— 101° (Found: C, 77-0; H, 6-0; N, 3-85. C0 3 H 2 1 O3N requires
C, 76-85; H, 5-9; N, 3-9%). (b) The imidate isomerised at 275° giving m ethyl lil-henzoyl-
6  : ^'-dim ethyldiphenylam ine-2-carhoxylate  which crystallised from methanol in prisms, m. p. 
122° (70% yield) (Found: C, 76-3; H, 5-7; N, 3-7. C2 3H 2 1 O3N requires C, 76-85; H, 5-9;
N, 3-9%). (c) lA-Benzoyl 6  : 4:'-dimethyldiphenylamine-2-carboxylic acid, crystallised from
aqueous ethanol and dried (P^Og) in a vacuum, had m. p. 158— 159° (yield 98%) (Found : 
C, 76-5; H, 5-53; N, 4-1. C2 2H 1 9O3N requires C, 76-5; H, 5-56; N, 4-1).
( —)AA-Benzoyl-^ \ 4t-dimethyldiphenylam ine-2-caYhoxylic A c id  in  Chloroform Solution  by 
First-order A sym m etric  Transform ation in  Presence o f C inchonidine.— (dz)-Acid (0-345 g., 
0-01 mole) and cinchonidine (0-294 g., 0-01 mole) were dissolved in chloroform (25 c.c.) and set 
aside for 2 hr. At time / =  0 (min.) the solution was washed with ice-cold concentrated 
hydrochloric acid, then with ice-water, dried (NagSOJ, and filtered into a polarimeter tube
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371. A  Redetermination of the Racémisation Velocities of Q-Nitro-, 
4 : Q'-Dinitro-, and 4:6: 4:'-Trinitrodiphenic A cid in Alkaline Solution.
B y  J e a n  W . B rooks, Mar g a ret  M. H a r r is , and  K. E. H o w lett .
T h e  mode of operation of the nitro-group in influencing the optical stability of substituted 
diphenic acids is at present a matter of speculationT»  ^ Attempts to explain the effect 
of substituting further nitro-groups in the 4- and 4'-position in 6-nitrodiphenic acid (I) 
have so far been based upon the experimental work of Kuhn and Albrecht ;  ^ these authors
NO, NO,
0,N 0 , N
HOgC CO2H HOjC CO2H H O X COiH
(1) (II) (III)
were the first to show that the decrease in optical activity of diphenyls obeys the first- 
order kinetic law. Their results are given in Table 1, together with the enthalpies [AH ]^ 
and entropies (A5t) of activation calculated by Cagle and Eyring  ^ using Kuhn and 
Albrecht’s data.
T a b l e  1.
1Acid
(II)
(III)
k (min.-i) in SN-NagCOg * E  (kcal. niole-i) « AHÎ2-303
0-018 a t 98-2°: 0-0014 a t 73-5° 
0-0060 a t 98-6°; 0-00074 a t  74-6
26
22-4
25-7
21-2
A St 1
-4 -2
-1 8 -5
The racémisation of 6-nitrodiphenic acid (I) in 0-lN-sodium hydroxide was investigated 
by Adams and Hale ® at one temperature only, presumably the boiling point of the solution. 
A half-life of 4-6 minutes was recorded.
We have now repeated the observation of the racémisation of these acids, in greater 
detail, in 2N-sodium carbonate (not sodium hydroxide solution. Table 2 shows the 
first-order racémisation velocity constants and the parameters for the corresponding rate 
equations.
T a b l e  2.
Acid
(I)
(II)
(III)
Temp. lOVe (sec.-i;
87-6° 8-05
80-6 4-24
67-55 1-26
57-0 0-435
91-0 3-42
83-4 1-69
74-4 0-769
70-4 0-515
94-0 1-90
84-6 0-85
82-0 0-66
72-4 0-275
ASt from the formula
E  (kcal. mole~i) 
22-6
22-6
A  (sec.-i)
IQio-c
lQlO-3
22-6
kT
109-7
A5Î (e.u. 
- 12-2
-1 4 -7
-1 6 -3
transmission coefficient k  is taken as unity in each case.
The marked increase in optical stability on addition of a further nitro-group in a p a ra -  
position (where it can exercise neither a blocking nor a buttressing effect) is here shown to 
reside in the entropy-of-activation factor rather than in the activation energy of the 
racémisation process.
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